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4 ENOWLEDCS P0& THE PEOFLB. 

Dr. Johnson (from Arfouthnot) defines ^ chemistry" 
as " philosophy by fire." 

Mr. Brande says " It is the object of chemistry to 
investigate all changes in the constitution of matter, 
whether effected by heat, mixtm^ or other means." — 
Manual, 3rd edit 1830. 

Dr. Ure says ** Chemistry maybe defined the science 
which investigates the composition of material sub- 
stances, and the permanent chants of constimtion 
which their mutual actions produce." — DicUonarVf 
edit. 1830. 

Sir Humphry Davy, in his posthumous work,* says, 
" There is nothmg more difficult than a good definition 
of chemistry ; for it is scarcely possible to express, in 
a few words, the abstracted view of an infinite variety 
of &cts. Dr. Black has defined chemistry to be that 
science which treats of the changes produced in bodies 
by motions of their ultimate particles or atoms : but 
this definition is hypothetical ; for the ultimate parti- 
cles or atoms are mere creations of the imagination. 
I will ^ve you a definition which will have me merit 
of novelty, and which is probably general in its appli- 
cation. Chemigtry rdates to those operaHona bjf which 
the intimaie nature qfhodUa is changed, or by which Ikey 
a4iqt».vre new properties. This definition will not only 
apply to the effects of mixture, but to the phenomena 
of electricity, and, in short, to all the changes which 
do not merely depend upon, the motion or division of 
masses of matter." 

Cuvier, in one of a series of lectures, delivered at 
Paris, in the Spring of lost year, says ^ tlie name che- 
mistry, itself, comes fi:-om me word ekim, which was 
the ancient name of Egypt ;" and he states that mine- 
rals were known to the Egyptians <* not only by their 
extenial characters, but also by what we at the present 
day call their chmdcal ckaracters,^^ He also adds, that 
what was afterwards called the Egyptian science, the 

* Consolations in Travel ; or the Lost Days of a Fliiloeopber* 1830 
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Hermetic art, die art of transmutiiig metals, was a mere 
reverie of the middle ages, utterh" miknown to anti- 
quity. ** The pretended books of Hermes are evidently 
suppoi^titious, and were written by the Greeks of the 
lower Empire." 

fVhf 18 chemiatry essenJtUd to man in Ma highest state 
ftfcu&oaium^ 

Because eveiy part of his body is covered with the 
products of di^rent chemical and mechanical arts; 
BUide not only useful in protecting him from the in- 
clemency of the seasons, but combined in forms of 
beauty and variety ; creating out of die dust of the 
earth, firom the clay under his feet, instruments of use 
and ornament; eictracting metals from the rude ore, 
and giving to them a hundred different shapes for a 
thousand different purposes ; selecting and improving 
the vegetable productions with which he covers the 
earth ; making the winds carry him on every part of 
the immense ocean ; and compelling the elements of 
air, water, and even fire, as it were, to labour for him ; 
concentrating in small space materials which act as 
the thunderbolt, and.'^directing their energies so as to 
destroy at immense'^distances ; blasting Sie rock, re- 
moving the mountain, carrying water Brom the valley 
to the hiU, &c. Or, to be more minute, the rendering 
skins insoluble in water, by combining with them the 
astringent principle of certain vegetables, 4s a chemi- 
cal invention; and without leather, our E^oes, our 
carriages, our equipages, would be very ill made: 
^e bleaching and dyeing of wool and silk, cotton 
and flax, are chemical processes, and the conver- 
sion of them into different clothes, is a mechanical 
invention ; the working of iron, copper, tin, lead, and 
the other metals, and the combining them in different 
alloys, by which almost all the instruments necessary 
jfor the turner, the joiner, the stonemason, the ship- 
builder, and the smith, are made, are chemical inven- 
tions ; even tke press could not have existed in any 

B 3 
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State of perfection without a metallic alloy. The com- 
bining of alkali and sand, and certain clays and flints 
together, to form glass and porcelain, is a chemical 
process f the colours which the artist employs to frame 
resemblances of natural objects, or to create combina<* 
tions more beautiful than ever existed in nature, are 
derived from chemistry ; — ^in short, in every branch of 
the common and fine arts, in every department of hu« 
man industry, the influence of this science is felt; and 
we may find in the fable of Prometheus taking the 
flame m>m heaven to animate his man of clay, an em- 
blem of the effects of fire, in its application to chemi- 
cal purposes, in creating the activity and ahnost the 
life of civil society. ^-^bndged from " the Last Days of 
a Philosopher^ by the late Sir Humphry Davy. 

Why may real phtiosoj^hers be considered to have 
done mack oy tlueir oton inventions for the useful arts ? 

Because the chemical or mechanical manufacturer 
has merely applied what the philosopher has made 
known ; he has merely worked upon the materials fur- 
nished to him. Thus, the chlorine, or oxymuriatic 
gas, of Scheele, was scarcely known, before it was ap- 
plied by Berthollet to bleaching ; scarcely was miuia- 
tic gas discovered by Priestley, when Guyton de Mor- 
veau used it for destroying contagion. Platinum has 
owed its existence, as a useful metal, entirely to the 
labours of an illustrious chemical philosopher; look at 
the beautiful yellow afforded by one of the new metals, 
chrome ; consider the medical eflects of iodine, in some 
of the most painful and disgusting maladies belonong 
to human nature, as cancer and bronchocele. We 

* The improvemonts of porcelain in this country, as well as those 
made in Germany and France, have been entirely the result of chemical 
experiments ; thel)ie8den and the Sevres manufkctories have been the 
work of men of science ; and it was l^ multiidying his chemical re< 
searches, that Wedge wood was enabled to produce, at so cheap a rate, 
thofl6 beautiful imitations, which, while they surpass the ancient vases 
Ib solidity and perfection of material, equal them in the elegance, va- 
riety, and tasteful arrangement of their fonns. 
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bave no history of the manner in which utm was ren- 
dered malleable; but we know that platinum could 
only have been worked by a person of the ipost refined 
chemical resources. — Sir H. Davy, • 

Why is the apparatus essential to (he modem ehemiri 
much less bulky and expenswe than ihat used by the an- 
cients9 

Because an air-pump, an electrical machine, a vol- 
taic battery, (all upon a small scale) a blowpipe appa- 
iratus, a bellows and forge, a mercurial and water-gas 
apparatus, cups and basins of platinum and glass, and 
the common re-agents of chemistry, are all that are 
required. All the implements absolutely necessary, 
may be carried in a small trunk ; and some of the best 
and most refined researches of modem chemists, have 
been made by an apparatus which might with ease be 
contained in & small travelling carriage, and the ex- 
pense of which is only a few pounds. Chemistry is 
not injurious to the health ; the modem chemist is not 
like the ancient one, who passed the greater part of his 
lime exposed to the heat and smoke of a furnace, and 
the unwholesome vapours of acids and alkalies, and 
other menstrua, of which, for a single experiment, he 
consumed several pounds. — Sir H. Davy, 

ATTRACTION OR AFflNITT, 

Why is our earOi a globe ? 

Because of the general attraction by which all its 
parts are drawn towards each other, that is, towards a 
common cen^ ; by which means the mass assumes 
^e spherical or rounded &rm. 

We have interesting instances of roundness from the 
same cause in minute masses, — as thO particles of a 
mist or fog floating in air, — there, mutually attracting 
and coalescing into larger drops, and then forming 
rain — dew-drops — ^watef trickling on a duck's wing — 
the tear dropping fix)m the cheek — drops of laudanum 
— ^globules of mercury, like pure silver beads, coalescing 
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when near, and fbrming larger ones — smelted lead al- 
lowed to rain down from an elevated sieve, which, by 
cooling as it descends, retains the form of its liquid 
drops, and becomes ^e spherical shot-lead of the 
sportsman. — AmotL 

Why is Ih^preacription qf medicine by drops an imsqfe 
method^ 

Because, not only do drops of fluid from the same 
vessel, and often of the same fluid of different vessels, 
differ in size, but also drops of the same fluid, to the 
extent of a third, from different parts of the lip of the 
same vessel. 

Whv has it been said that the whole toorldy if the atoms 
andd be brought into absolute contacty might be compress^ 
ed into a nutshell^ 

Because of the exceedingly little of really solid 
matter even in the densest mass, as evident in the non- 
contact of atoms, even in the most solid parts of bo- 
dies ; from the very great space obviously occupied by 
Eores; the mass often havmg no more solidity than a 
eap of empty boxes, of which the apparendy solid 
parts may snll be as porous in a second aegi*ee, and so 
on; and from the gi^at rea<finess v^th which light 
passes in all directions through dense bodies, like glass, 
rock crystal, diamond, &c. We have as yet no means 
of ascertaining exactly what relation this idea has to 
truth. — Jimott. 

Why may the doctrine of tdtimak atoms be considered 
as established^ 

Because, according to the late Dr. WoUaston, the 
earth's atmosphere is limited, and consequendy matter 
has a finite divisibility. " Yet," observes another, « of 
the smallest atom we can always imagine the hal£" 

Why is (he density, or the qumdUy of atoms which exist 
in a given spacer very different in afferent bodies f 

Because of three dinerent circumstances : first, of 
the dze or weight of the individual atoms; secondly, 
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am the degree of porosity just now exidained ; tfaiidly, 
on the proximity of the atoms in the more solid partiL 
which stand between the pores. As an example of 
the difierent degrees of density, a cubic inch of lead is 
40 times heavier than the same bulk of cork. — *^maU. 

Why are certain bodies solid f 

Because their parts cohere so firmly as to resist im- 
pression. 

Lavoisier has explained solidity thus : — << The parti- 
cles of all bodies may be considered as subject to the 
action of two opposite powers, repulsion and attraction, 
between which they remain in equilibrio. So long as 
the attractive force remains stronger, the body must 
continue in a state of solidity ; but if, on the contrary, 
heat has so ftr removed these particles from each 
other, as to place them beyond the sphere of attraction, 
they lose the coheraon which they before had with 
each other, and &e body ceases to be solid. " 

Why do blue and yellow potoders^ when mixedy form 
a green powder ? 

Because of the mere effect arising in the eye fix>m' 
the intimate mixture of the yellow and blue tight se- 
parately and independently, reflected from the minute 
particles of each ; and the proof is had by examining 
the mixture with a microscope, when the yellow and 
blue grains will be seen separately and quite unaltered, 
---J.F.W.Herachel. 

Why cannot a similan: separation be detected 'in liquid 
green 7 

Because of the excessive minuteness of the parts, 
and their perfect intermixture, by agitating the blue 
and yellow tiquids together. From the mixture of two 
powders, extreme patience would enable any one, by 
picking out with a magnifier grain after grain, to te- 
parate the ingredients. But ¥men tiquids are mixed, 
no mechanical separation is any longer practicable: 
the particles are ml so. minute as to eliule all search 
-^j:F.W.Hers€heL 
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Wh^ do tot use the term apecifie grcBoiJty to txprtas &ie 
relative weight of bodies ? 

Because it denotes the weight of the matter of which 
any body is composed, compared with the weight of 
pure distilled water, at 60° Fahrenheit, assumed as a 
standard. 

Why is there a differenct in Hhe specific grcuoity of dif 
ferent bodies ? 

Because one body is larger, or takes up more room 
than another of the same weight, when the first is said 
to be specificaUjf lighter than the other, and vice versSL 

The specific gravity of bodies is denoted, in chemi- 
cal writings, by comparing it with the specific gravity 
of pure water, in decimal figures, water being always 
considered as 1.000. Thus the specific srax^ of the 
strongest sulphuric acid is 1.850, or nearly nine tenths 
heavier than water. Iron is 7.650, or more than 7| 
times heavier than water ; that is, a cubic inch of iron, 
if put into a scale, would require 7i inches to balance 
it ; silver is 10.478 ; gold, 19.300; and platinum, 2a000, 
or 23 times heavier than water. The specific gravity 
of all bodies is noted in the same way. — Parkes. 

Why does some stone decay rapidly^ although very hard 
when first dug from the quarry ? * 

Because it abounds with clay, or alumine, which 
has so great an affinity for water as to absorb moisture 
fi'om the atmosphere, and thus destroy itself. 

Why wiU not oil and water mix in a vial upon being 
violentty shaken 9 

Because the water and the oil have no cMnibu fi>r 
each other ; but if some caustic ammonia be added, 
and the viai then agitated, the whole will be mixed 
mto an aramoniacal soap. This is what is called dis- 
posing cffimty^ or uniting bodies, which apparently have 
no tendency to unite of themselves, by the addition of 
another^^bstance. 

Why do small needles float on toater ? 

Because the particles of water cohere among them- 
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BeitreB, and the weight of the needles is not sufficient 
to overcome that cohesion. 

Why do a pound of watery and a pound of saU v^ien 
mixed, form two pounds of hrint^ hvt then occupy much 
less bulk than when sepoaiu ? 

Because the atoms of the one are partially received 
into what were vacant spaces in the other. A ramilar 
condensation is observed in many other mixtures ; as 
a pound of sugar in a pound of water. Tin and cop- 

Eer, mehed together to form bronze, occupy less space 
y 4>ne fifteenth, than they do when separate. — JbnoU, 

Why art a hundred pints of common car to he compress- 
^ into a pint vessel^ as in the chamber of an airgun ? 

Because, in aeriform masses, the atoms are very dis- 
tant, and hence the masses are more easily compressed. 
In this case, if the pressure be much flirther increased, 
the atoms will at last collapse, and form an oily liquid. 
The heat which was contained in such air,*and gave 
it its form, is squeezed out in this operadon, and be- 
comes sensible all around. — JSmotL 

Why are liquids said to he saturated ? 

Because they cannot combine with, or take up, more 
than a certain quantity of any solid or aeriform body ; 
the point at which diis action ceases is saturation: 
thus, water will only take up a t^rtain known wei^t 
of alum, salt, &c. 

Why is gravitation the first and most general cause of 
changes on the earths 

Because water, ndsed in vapour by the heat of the 
sun, is predipitated by the cool air in the atmosphere ; 
it is carried down by gravitation to the sur&ce ; and 
gains its mechanical force by this law. — SirH. Demy, 

Why does the pyramid last longer than other forms ? 
Because it is most fitted to resist the force of gravi- 
tation. 

Why is an apartment never lUeraUy empty ? 
Because, if^it ofier to view notlung out the naked 
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w«U% it 18 ftiU of air, juat as an open veflsel, immened 
in the sea, is full of water ; and ifair were not allowed 
to escape from it, even so small a body as an apple 
could not be pressed into it additionally by less rorce 
than fiity or sixty pounds. 

ffhy i$ heat vroduced on docking quiekrlime f 
Because of tne violence of the chemical action, and 
the solidification of the water. In this process 68 parts 
of lime solidify 32 parts of water ; but it is remarkable, 
that in making what we call lime-water, 500 parts qf 
water are required to dissolve one part of lime. 

^ Why 18 it a vuigar error to say quick-lime^ oroUof 
vUriotl bums ? 

Because they powerfully corrode animal and vege- 
table substances, and become idolently hot from their 
combination with water. "They are, therefore, set 
down in vulgar parlance, as substances of a hot na- 
ture; whereas, in their relations to the phmcal cause 
of heat, they agree with the generality of bodies simi- 
larly constituted." They owe the sensation of heat 
which they excite, to chemical stimulants, and not at 
all to their being actually hoL 

Why are not bitter and sufeet essential quaiitks of mat- 
terf 

Because, as Dr. W. Herschel has recently discovered, 
the mixing of nitrate of silver with hypo-sulphate of 
soda, both remarkably bitter substances, produces the 
sweetest substance known. Thus, bitter and sweet, 
as well as sour, appear not to be an essential quality 
in the matter itself, but to depend on the proportions 
of the mixture which composes it 

CRTSTALLIZATION. 

Why do ihejigures (^crystals vary in regularity f 
Because their regiuari^ is influenced oy the rapid- 
ity of the evaporation : thus, if the process be slowly 
conducted, the particles unite with great regularity ; 
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if hurried, the ciyslab are irresular and confiuied. To 
obtain very regular crystals, me evaporation muflt be 
spontaneous^ or that whidi takes place at common 
temperature. 

Why is the QianPs causeway disposed in angvlm 
columns f 

Because it is supposed that the whole body of the 
rock was once in a state of fluidity, being no other 
than the lava of a burning mountain ; that the prodi* 
^ous mass cracked in its cooling, into the above forms ; 
that it may since in some measure have been deranged 
by earthquakes ; that these have swallowed up the vol- 
cano itself; and that the waters of the neighbouring 
ocean now roll over the place where once it stood. — 
Parkes. 

The most remarkable basalt is the columnar, which 
fortes immense masses, composed of columns, thirty, 
forty, or more fbet in height, and of enormous thick* 
ness. T^ose at Fairhead are 250 feet high. The coast 
of Antrim, in Ireland, for the space of three miles in 
length, exhibits a very magnificent variety of colum* 
nar cMs ; and the Giant's causeway consists of a point 
of that cOast, formed of aunilar columns, and project- 
ing into the s^a for a descent of several hundj^d feet. 
These columns ^are for .the most part hexagonal, (or 
six-sided) and fit very acpurately together; but most 
frequently not adherent to eadi other, though water 
cannot penetrate between them. In the He£ides ajpe 
likewise some vast specimens of basalt. 

Why are certain bodies for&us, orJuU of smaU vacant 
spacesf 

Because of the crossing of the constituent crystalline 
needles or plates in bodies.— %/Jbu>tf. 

Whtf are cryskUs mechamcaUy dmded only in certam 
dirscHons, so as to cff^d smoom surfaces ? 
BecAOse, in every ^ij^stallized substance, whatever 

PAET V. c 
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may be the difierence of the figure which may arSw 
jQpom modifymg circumstances, mere is, in all its erys- 
tals, a primUive form, the nucleus, as it were, of the 
crystal, invariable in each substance, giving rise to the 
actually outward existing forms. — Parkes. 

Why has strong salt and water a peUicU (orJUm) on 
its surfaced 

Because the attraction of the saline particles fi>r each 
other is becoming superior to their attraction for the 
water. This is the common criterion of the fimess of 
a solution for crystallization. 

Sir Isaac Newton seems to have had a very clear 
idea of the cause of crystallization. ^^When," says 
he, ^ti liquor saturated with a salt, is evaporated 
to a pellicle, and sufficienUy cooled, the salt rarms in 
regular crystals Before lieing collected, the saline 
particles floated in the liquor, equally distant from each 
other ; tiiey acted, therefore, mutually on each other, 
with a force which was equal at equal distances, and 
unequal at unequal distances; so, in virtue of this 
force, they must arrange themselves in an uniform 
manner. " — JVewton^s Qpticff, Bo<^ iii. . 

Why unU not salt crystaUize when dissolved in a cwnr 
sidemlde qtumlity of Water f 

Because the particles of the salt are too far asunder 
to exert reciprocal attraction : in otiier words, they are 
more powerfully attracted by the water, than by each 
other. — Brande, 

Why does (he saU crystallize upon evaporation qf part 
of ^ water 9 

Because some of the saline particles then gradually 
ai^roach each other, and they will, according to cer- 
tain laws, become regular soUds ; another portion of 
the salt will remaib dissolved in the water which is 
lefl ; this is usu^y called the mo^^er UquoTj. or water. 

There is a great^variety in t^& form of crystallized 
ealts^ and each salt preserves iurown peculiar form 
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thiifi^ coim^n culinary salt generaDy cr3nsta]]ize8 in 
small tubeSy and sulphate of soda in ox-flided prisms. 

Why do certmn salts (caUed Jreezing mixtures) cofir 
vert wixter into ice ? 

Because, as heat is required to convert solids into 
liqxiids, it follows, that in cases of sudden liqueftctioEL 
(as when the salts are dissolved in the water) cM will 
ensue: hence its production during^ the solution of 
many saline bodies, and hence, also, the explication of 
the theory of freezing mixtures 

The artificial preparation of ice has occupied much 
of the attention of modem chemists. The most recent 
experiments were made by M. B. Meijlink, who, after 
numerous trials, with different salts, for the purpose of 
converting water contained in a tin vessel into ice^ 
during their solution, ultimately gave the preference 
to a mixture of four oimces of nitrate of ammonia, four 
ounces of sub-carbonate of soda, and feur ounces of wa- 
ter. Thismixture, in three hours, produced ten ounces 
of ice ; whilst, with the mixture of sulphate of soda and 
nuiriatic acid, he obtained ice only after seven hours. 
'^Bremde^s Journal^ 1829. 

Why do many sdUs, when exposed to the air, effloresce^ 
or fait to powder 9^ 
Because they lose their water of crystallization. 

Why do some salts effloresce m/ore than others ? 

Because some thus completely lose their water; 
while others retain different quantities, according to 
the dryness of the air. 

Why do some scdts deliquesce^ [or become mmst or U* 
quid) oy exposure to ^ atmosphere f 

Because they attract water Grom the atmosphere. 

Why are not salt boilers made of cast iron ? 

Because the cast iron would crack by the adhesion 
of the sdlt 

Why is sdU-petre r^vned by solution in watet^ 

Because thd rough petre, as it is called, is alwayi *-^^ 
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contamiiiated with muriate of soda and other salts. Li 
order, therefore, to separate diem, the refiners dissolve 
the whole in water, and then, by boiling the solution, 
evaporate a part of the water, and the muriate of soda, 
&c. fall down, while the salt-petre is held in solution. 
When the ^eatest part of these salts is thus separatedi 
the remainmg liquor is suffered to cool, and the nitre 
is obtained in crystak. This process illustrates the 
difference which there is in the solubility of salts.^* 
Parkts, 

Why was nitre used in ike compontian of Qreeh-fire ? 

Because it fed or kept alive the sulphur, resin, alco- 
hol, camphor, &c. of which the fire was also composed, 
by conveying oxygen from the atmospheric air to the 
sulphurous gas, and to the sulphur while burning. 
Into this composition, when melted, woollen cords were 
dipped, and rolled up for u^. These balls being set 
on fire, were thrown into the tents of the enemy, and 
as the combustibles were furmshed with a constant 
supply of oxygen from die nitre, nothing could extin- 
guish them. 

Why %oUl a lump of alum in a glass of wakty assume 
a pvramicbl shape in dissohing f 

Because, at mst the water acts with so much energy 
as to overcome the cohesion of the solid in every di- 
rection; but, as the particles of the alum become 
united with diose of Jie water, the power of the solvent 
diminishes. The particles of water which combine 
f rst with the alum, become heavier by the union, and 
fall to the bottom of the eiaas ; and the action at the 
lower extremity ceases, before it is complete at the 
upper. When the action has nearlv terimnated, if we 
closely examine the lump, we shall nnd it covered with 
geometrical figures, cut out, as it were, in relief, i^)on. 
uie mass ; showing, not only that cohesion resists the 
power of solution, but ithat, in the present instance, it 
resists it more in some directions that in others ; and 
that when the attraction of the solvent is nearly satis- 
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fied, it is balanced by that delicate modification of 
cohesion, upon which crystalline arrangement depends. 
This esmeriment beautifully illustrates die opposite 
action of cohesion and repulsion. 

fVhy is alum used in maJdng candles ? 

Because it gives iirmness to the tallow. 

Nitre has very recently been applied to the improved 
preparation of candles, by steepmg the cotton wick in 
lime water, in which is dissolved a considerable quan- 
tity of nitre. By this means is obtained a purer 
flame and a superior light ; a more perfect combustion 
is ensured ; snuffing is rendered nearly as superfluous 
as in wax-lights; and the candles thus made do not 
run, or waste. The wicks should be thoroughly dry- 
before the tallow is put to them. — Brewster's Jowrna^ 
1829. 

Why is cdum used in scdt-drying cod-fish. 

Because it prevents the salt from dissolving. 

Why is (dum used for preparing paper for the pre-- 
servahon of gunpowder f 

Because it prevents the bad effects of damp atmo- 
spheric air upon the powder, and preserves the paper 
mm. readily taking fire. 

Why are the crystals coUeded in camphor bottles in 
druggists^ tmndows always most copious upon the surface 
txposed^ to the light 7 

£^cause the presence of light considerably influ- 
ences the process of crystallization. Again, if we 
place a solution of nitre in a room which has the 
light admitted only through a small hole in the win- 
dow-shutter, crystals will form most abundantly upon 
the side of the basin exposed to the aperture through 
which the light enters, and oflen the whole mass of 
crystals will turn towards it. — Brande, 

Why is there rock salt 7 

Because it is supposed to have been deposited by 
the sea, or by salt lakes drying up, which formerly 

c3 
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ooyered the presMit contiiienl9. Salt itrttta a]flO 
dinmiiBh in tmckness as they racede from the eea. 
This is perhaps the most obvious hypotheras, but it 
is liable to many objeclaons, one of which is the enor- 
mous depth of sea water necessary to the production 
of a body of rock salt above fort^ yards in thickness, 
such as the insulated mountain of rock salt at Cordova, 
in Spain." — N6te9 on Science. 

The salt mines near Cracow, in Poland, which have 
been worked ever since the middle of the thirteenth 
century, contain an immense store of muriate of soda. 
Eight hundred workmen are emploved in them, who 
raise 168,000 quintals of salt annually. Through the 
enormous mass of salt, which presents to the eye no 
interruption to its saline texture, and at the depth of 
450 feet, flows a stream of pure, fresh, and transparent 
water, which is received in large troughs, where the 
workmen and horses of these subterraneous regions 
quench their tliirst As it was impossible that this 
spring could filter through the salt, Nature, who buries 
her masterpieces in the bowels of the deepest moun- 
tains, has placed in this mass a stratum of clay suffi- 
ciently thick to allow the stream of water, destined to 
refresh the workmen, to* pass through it in such a 
manner as to be preserved from the salt, of which a 
small quantity would injure its salubrity* — Parkes, 

A series of ingenious models of the Polish salt mines 
was exhibited in London about tWo years since. 

ffhy are ike flats cut near the sectj on (he Kentish 
coasty caUed sdU-pans ? 

Because at high tide they become filled vsdth sea- 
water, which being confined there, the sun evaporates 
it, and leaves salt in the flats, fi*om whence it is laid 
up to dry for use. 

Why is sugar refined bif boUing the syrup in a vacuum, 
or pkKefrom which the aur has been exclmed9 

Because thi^ and all other liquids, are driven ofl^ 
or made to boil at lower degrees of heat when the 
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slBMiflpIi^o pressure is lesseiied or remoyed. Thu% 
the process for refining sugar is to dissolve impure 
sugar in water, and aner clarifying the solution, to 
boil off or evaporate the water again, that the dry 
crystallized mass may remain. Formerly thid evapo- 
ration was performed under the atmospheric pressure^ 
and a heat of 2i&* or 220° was requiied to make the 
e^rrup boil ; by which degree of heat, however, a por- 
tion of the sugar was discoloured and spoiled, and the 
whole product was deteriorated. 

The syrup, during the process in vexuo^ is not more 
heated dian it would be in a vessel merely exposed to 
a summer sun. The vacuum is produced and main- 
tained by air-pumps driven by a steam engine, or 
otherwise ; or by the direct admission of steam, wluch, 
afler expelling the air, is condensed into water. — Amott, 

By this process more money has been made in t^ 
shorter time, and with less risk and trouble, than was 
ever perhaps gained from an invention ! 

ffhy are the vessels for evaporating or distUling in 
vftcuo, generally of arched form ^ 

Because they require to be strong enough to bear^ 
when .quite empty, the external atmospheric pressure. 
— Jimott^ 

^ Why is svgar-candy crystallized en sbriiigSf and ver- 
digris on stiois ? 

Because crystallization is accelerated by introducing 
into the solution a nucleus, or solid body? (like the 
string or stick) upon which the process begins. 

The ornamental alum baskets, whose manufacture 
was once so favourite a pursuit of lady-chemistry, 
were made upon this pnnciple; the forms of th^ 
baskets being determined by wire framewiCk, to which! 
the crystals readily adhered. 

Why is sugar-candy sometimes in large and regyHar 
crystals'^ 
Because the concentrated 83rrup haa been kept for 
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several days and nights undisturbedy in a very faigii 
temperature ; for, if perfect rest and a temperature of 
firom 120° to 190* be not afibrded, regular crystals of 
candy will not be obtained. 

The manufacture of barl^-sugar is a familiar ex- 
ample of crystallization. The syrup is evaporated 
over a slow heat, till it has acquired the proper con- 
sistence, when it is poured on metal to cool, and when 
nearly so, cut into lengths with shears, then twisted, 
and again lefl to harden. 

fflty are small, radiant, and tree4ike cryriaUizaiions 
seen on dirty vnndows in London f 

Because of the great number of coal fires in the 
metropolis: these crystals (of sulphate of ammonia, or 
at least, sulphite of ammonia, which becomes sulphate 
by exposure to the air) being an abundant product of 
the combustion of coal. — Brande. 

Why do some springs petrify objects by their spray 7 

Because their water is impregnated oy means of its 
carbonic acid, with a large portion of carbonate of 
lime, which it deposits on issuing into the air. At 
Clermont, in France, there is such a spring, where 
Mr. Scrope saw the stuffed skins of a horile and a cow, 
birds, fruit, flowers, &c. undergoing this petrifying 
process. Its incrustations have also formed an ele- 
vated natural aqueduct, 240 feet in length, and ter- 
minating in an arch thrown across the stream it oris- 
inally flowed into, 16 feet high and 12 wide. — Scfop^s 
Memoir on the Geology of Central Drance, 

Why isjluor spar so called^ 

Because it has the property of increasing the fusi- 
bility of other mineral substimceB. It has also been 
called vitreous spar, because when toed it has the 
appearance of glass. 

HEAT. 

ffliy is heat comidertd one qf the dvi/tf agents m 
thmi^f 
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Because its most olmous sources are chiefly referred 
to die general head of chemical combination. Thus, 
fire, or the combustion of inflammable bodies, is no- 
thing more than a violent chemical action attending 
the combination of their ingredients with the oxygen 
of the air. Animal heat, is, in like manner, refenu>le 
to a process bearing no remote analogy to slow com- 
bustion, by which a portion of carbon, an inflammable 
principle existing in the blood, is united with the 
oxygen, of the air in respiration, and thus carried off 
from the system : fermentation is notlung more than 
a decomposition of chemical elements loosely united, 
and their reunion in a more perfect state of combina- 
tion. Friction, as a source of heat^ is well known: 
we rub our hands to warm them, and we ^ease the 
axles of carriage-wheels to prevent their setting fire to 
the wood. Again, Count Rumford has established 
the extraordinary jfact, than an unlimited supply of 
heat may be derived by fi*iction from the same mate- 
rials.--- X F. W, HerscheL 

' Savages light their fires by rubbing two pieces of 
wood : Coimt Rumford made great quantities of water 
boil, by caufflng a blunt borer to rub against a mass 
of metiil immersed in the water ; and Sir Humphry 
Davy quickly melted pieces of ice by rubbing them 
against each other, in a room cooled below the fireez- 
ing point. Instances have occurred, where whole 
forests have been burned down by fires kindled from 
the violent fiiction of the l^ranches agaii^ each other 
by the wind. 

fVhy is it cor^edured that there is a difference between 
solar and terrestrial heat f 

Because the rays of the first pass through glass 
without heating it, while the rays of the latter are 
stopped by the glass, which becomes hot when opposed 
to fiiem. 

Why may heat he considered as a power opposed to 
attraction? 
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Because it tends to separate the particles of bodies ; 
and whenever a body is heated, it is also expanded. — 
Brande^ 

Why is Ihe tenn caiorie usedf 

Beeause it ma^ distinguish the cause of heat from 
the sensation which we call by the same name ; but 
the terms adorie and calor^ jluid seem to imply the 
material nature of heat, which has not yet been 
proved. 

Wku 18 calorie considered a siMe material fluids iht 
particles of which mutually repd each other 9 

Because this supposition appears to give a plausible 
explanation of most of tiie phenomena dependent upon 
heat, as the expansion, fusion, and vapourization of 
bodies, on the idea that the particles of caloric when 
interposed between tiie particles of bodies, in sufficient 
quantity, produce these effects. It is natural to sup- 
pose when a body is enlarged in bulk, that the en- 
largement is occasioned by the introduction of the 
particles of other matter, by which the particles of the 
expanded body are repelled to a greater distance from 
one another; and this repulsion becomes so great, in 
consequence of the introduction of a large quantity of 
heat, as to enable the particles of soHd bodies to assume 
the fluid, or aeriform states. 

There are, however, other theories of the nature of 
heat; but the question remains undetermined; and it 
is fortunate that most of the phenomena connected 
with the operation of heat, may be explained equally 
well upon either theory. 

ffhy is heat caUed latentf 

Because, when heat Hquefles a solid, or converts a 
liquid into vapour, the uquid or the vapour is no 
hotter than the solid or liquid from which it was pro- 
duced, though a great deed of heat has been expended 
in producing this eflect, and has actually entered into 
the substance. Hence it continues to exist in the 
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product, maintaining it in its new state witiioiit in- 
creasing its temperature, and is thus laUni or 
hidden. This great discoyery was made by Ih*. 
Black, who further proved, that when the vapour con- 
denses, or the liquid freezes, this latent heat is again 
given out from it 

Why does toater thrown i^Nm a fin $o powofidljf 
repress it ? 

Because of the great quantity of heat latent in 
steam ;— hence, again, why fire and waier are so often 
adduced proverbially as funushing a striking ccmtrasL 

Why does iron become red-hot by hammering $ 
Beoiuse of the condensation of the metal by the 

force of the blow. Air may also be condensed by 

pressure, so as to set tinder on fire. 

Why are tnorganie bodies^ such as gold, inmf l^c 
fimndin aU parts of the globe $ 

Because they have no direct dependence, in the 
preisent state of the earth, at least, on the solar hea^ 
or its consequences ; whereas organic, or living mat- 
ter, has. 

Why does ice, when heated^ become water; and Ifte 
tDoter, when heated fitMe^y become steam $ 

Because the continued addition of hiat gradually 
increases the mutual distance of the constituoit 
atoms of the ice, and their cohesive attraction is over- 
come ; till, at length, the atoms are repelled to still 
greater distances, and the substance is converted into 
steam ! Abstraction of heat causes return of states 
in the reverse order ; the steam when cooled again, 
becomes water as before, and the water, when co^ed, 
becomes ice. 

Why does O'Pint of water, when converted into steamy 
ifccupy neady 2000 tunes the space of the water f 
Because the heat merely produces a repukion 
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amoQii the paztielee^ and by no means fills up the 
interstices. — JSbmoti. 

Why art ait'expanaum enginea 90 much more power* 
Jvl wim ateam-^ngiTies 9 

Because heat, when used to dilate au*, produces 
about four times the quantity of expansive powef tfattt 
it does when used to form steam. 

Whp %8 not highrpressvire steam issuing fiom a hoUer 
heatea perhaps to 300** not hotter than louhpresswre 
s^eamfitm, a boiler at 212^ ? 

Because, in the instant when the high-pressure or 
condensed steam escapes into the air, it expands until 
balanced by the pressure of the atmbephere; that is, 
until it become low-pressure steam, and it is cooled 
by the expansion, as air is cooled on escaping finnt 
any condensation. 

Whu does not a generator^ if cracked tohen very hoi^ 
immeaiatdy lei out the vapour or toaterf 

Because die heat repels the water and vapour to a 
certain distance fix)m the metal, and, virtually, stops 
the crack, until the temperature is allowed to faily 
when the rush of steam oy the crack is tremendous. 
Mr* Perkins, in reascmingupon this effect, says : *^ The 
repulsive power of the helped metal is sumcient to 
retain the ve^oiiar and the water equally distant; for, 
what else is vapour than water in a state of ex-* 
panfidon?'' 

fFhy does a Prince Buperf$ Drop Jly to powder on 
being simphf broken f 

iMcause it is a lump of glass let ftU, while fused 
into water, and thereby siid&iily cobled and solidified 
on the outside, before the internal part is chanffed; 
then as this at last hardens and womd contract, it ia 
kept extended by die arch of external crust to which 
it coheres. Now^ if a portion of the neck of the 
lonqpl be broken oft, or if other violence be done. 
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which jars ita substance, the cohesnon is destro^redi 
and the whole crumbles to dust with a kind olT ex* 
plosion. — ^^moU. 

Why does a loose Uaddery tied <U the motcth, and hdd 
before a firey gradually swell and aj^pear JvUy inflated^ 

Because tiie small quantitr of air contained in the 
bladder is then so much dilated by the heat, that it 
occupies a confflderably increased space, and fills the 
bladder, of which it before occupied only a small 
pait. 

Why does cluifme of temperature retard or hasten the 
decomposition of dead vegetable and ammal substances f 

Because the functions of life bring into combination, 
to fbrm the curious textures of orsanic or living bodies, 
chiefly four substances, viz. carbon^ or coal ; the in- 
gredients of water, or oxygen and hydrogen; and lasdy, 
nUrogen /-—which substances, when in the proportions 
found in such bodies, have but dight attraction for 
each other, and all of which, except the carbon, 
usually exist as airs. Their connexion, therefore, is 
easily subverted, and piEuticularly by a slight change 
of temperature, which either so w;eakens Hmr mumd 
hold ,418 to aDow new arrangiementB to be formed, or 
altogether disengages the more volatile of them. — 

Why is iron preserved from rust by dipping it uhm 
at a mM red heat, nifo water, and then into UMced oU9 

Because die fint part of the process frees it from the 
scales and extraneous matter, and the remaining heat 
disposes it to reeeive the oil, which fomm a varQish, 
and filling up all the minute interstlceB of the surfiice^ 
prevents any rust. 

Why do docks and watches vary in theirrate ofgoin^f 

Because of die expansion and contraction of me 

metals of which Uiey are constructed. Thus, in regoh 

lating the length (x the second's pendulum, an exact 

acquaintance with the diktatioli of metals^ is 

PART V, D 
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tial ; for when the bob is let down a hundredth part of 
an mch, the clock loses ten seconds in twenty-four 
hours ; hence, a thousandth part of an inch will cause 
It to lose one second per day, and a chance of tern? 
perature equal to 30*=* of Fahrenheit will alter its 
length about one five thousandth part, and occaraon an 
error in the rate of going, of eight seconds per day. 
Variatioiis of temperature also occasion variations in 
the balance-wheels of watches, which are obviated by 
various compensating apparatua 

ffliy does a compensation balance prevent the effects 
qf expansion or contraction ? 

Because it consists of interrupted concentric nnga 
of difi^rent metals, joined together, so that the expan- 
sion of one coimteracts the expansion of the other. 

Why do the iron hoops qf brewers* casks bind unih suck 
great forced 

Because those which are at first made too small to 
fit, are heated until they are sufficiently enlarged; 
they are then driven on, and suddenly cooled, by. 
throwing water upon them; the contraction of the 
iron which ensues on cooling, biinging the parts of 
the vessels in closer contact thm they could easily be 
brought by other means, and fixes the hoops £ntAy 
round them. 

Why does h4iy, if stadued when daimpy take fire^ 
Because the moisture elevates the temperature suf* 
ficiendy to produce putrefaction, and the ensuing 
chemical action causes sufficient heat to continue the 

Erocess; the (quantity of matter being also great, the 
eat is proportionaL 

Why are concave mirrors employed as hurmng-^asS' 
esf 

Because thejr collect the heat of the sun's rays fix>m 
the wh(^e of its sur&ce to a dnele point, thus accu* 
mulating a verjr great degree of heat, for the corn- 
bustion and fusion of various natural substances, that 



are fusible in the greatest hedt capable of being 
produced from (H^linary fire. By this means, Drs. 
Harris and Desaugliers melted a silver sixpence in 
seyen seconds and a half; a copper halQ)enny melted 
in si2cteen seconds, and liquefied in thirty-four seconds ; 
tin was melted in three seconds; and a diamond 
weighing four grains, lost seven-eighths of its weight 
Bunon also, with the faint rays of the sun in the 
mouth of March, set on fire boards of beech-wood at 
a hundred and fifty feet distance ; and at another 
timcy silver was thus fused at fifty feet distance. 

Why are not " inflamrndlfU!" and " conibmHhU^ «y- 
nammoua terms f 

because all metals are combustible ; that is, capable 
of igniting with oxygen: but they will not bum in 
atmospheric air, and are therefore not called infiam- 
mable. 

Wiy does the thermometer enable us to ascertain de- 
grees of heaif. 

Because the fluids ascends in the tube on being ex- 
panded by heat, and thus marks the degree. 

fFky is mercury preferred in thermometers f 
Because the range of temperature iietween its 
freezing and boiling points is very considerable ; and 
its eiqpanslon within that noige, tolerably equable. — 
Brande, 

Why have thermometers freezing and hoUmg points f 
Because they denote the points in the tube at 
which the mercurial column stands when cooled to the 
freezing, and healed to the boBing, of water. For this 
purpose, the instrument is immersed in melting ice or 
snow, and permitted to remain there £6r some time, 
until the quicksilver becomes stalioQary at one place, 
which is the freedng point ; a mark is made at that 
point upon the glass. If the insdiunent remains finr 
some time^ boiling water, the mercury ftft^ having 
ascended through a large woportkm of th^ tube, be* 
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comes stationary at one place which is the ^ 
poinL It 18 beueved that Fahrenheit took his zero, or 
commencement of his scale from the degree of cold 

E reduced hy mixing snow and common salt; that 
eing the greatest degree of cold known in his time ; 
although a consider&ly greater degree of cold may 
be produced by mixing i^ same or other ingredients. 

FFhf does Rtaumui^s ikermomder differ Jram FaK" 
renhetPsf 

Because Reaumur > diyides the space between the 
boiling and freezing points into 80 degrees, placing 
a^ro at freezing, and the 80di degree at the boiling 
point 

Fahrenheit divides the same space into 180 de- 
ffrees ; but the cipher (0) he places 32 degrees below 
me freeizinff point (the cold of a mixture of snow and 
common salt) so that the freezing point is at S2^ and 
the boiling point at SIS'". 

Reaumur 80*')180* Fahrenheit 

8i** of Fahrenheit— equal to 1" 

of Reaumur. 

Plus 20" of Reaumur is 20'=' multiplied by 2i»45 
add 32^«=77^ of Fahrenheit 

ffhy ate ^fnrit ^lertMrnteUrs pr^erable far measta^ 
ingvery low temperaiwres f 

^cause spirit never freezes, whereas, the low tem- 
perature at which it boils, renders it unfit for measuring 
high temperature& > 

)^y do do^B and other animah put out their long 
timst tongues tn hat tDeather^ 

Because, when much heated, they cannot throw off 
or diminish their natunl covering, and have only the 
above means of increasmg the evaporation from their 
bodies. 

Why, in ihe AreHc Regions, are the watery parts of 
Irandy frozm, wkHe a very small quaniity of strong 
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»pftU 18 left in the Jhnd state %n the interior qf (he 

' Because the cohesion of the particles of water is so 
much more increased by the cold than that of the par- 
ticles of the spirit. 

Why is a pyrometer sa called ? 

Because of its ori^ from two Greek words sig- 
nifying measure of fire; it beiug used to ascertain the 
degrees of heat in nigh temperatures, and including a 
range of nearly 32,000 degrees of Fahrenheit , 

fVhy does mMLfed cold when touched^ ^ 

Because it readily carries off the heat of the body; 
all metals being good conductors of heat. 

Why are certain bodies called good and bad conduc- 
tors of heat ^ 

Because, when exposed to the same source of heat, 
they suffer it to pass through them with different de- 
grees of velocity; or they have various conducting 
powers with regard to heat Good conductors, when 
touched, occasion a greater sensation of heat and cold 
than bad ones. When the body feels cold, the caloric 
is passing out of it into the neighbouring object : when 
the body feels warm, it is receiving heat 

Whxf are persons enoMed to remain in a heated oven, 
uoheretn m/eat is hajcing ? 

Because of the rarity of the aii*, its weak conducting 

Eower, and its small capacity for caloric, which explain 
ow a person can exist in so warm an atmosphere. 
The wool dresses which persons usually wear on such 
occasions, are also bad conductors of heat 

Sir C. Blagden, secretary to the Royal Society about 
thirty years since, remained, accompanied by, a female 
dog, during eight minutes, in an oven heated to 100^ 
of Reaumur, 20° above the point at which water boils ; 
water, although covered wiAi oil, boiled close to him ; 
mid in thirteen minutes, the hot air beinff concentrated 
by a pair of bellows, some beef was dressed in the 

i>3 



80 KNOWLEDeS rOB THE PBttPLB. 

flame place. Two French academicians, of the last 
centuiy, saw at Larochefoucault a man, who, from 
habit, supported during ten minutes the heat of ao 
oven, in which fruits and meajts were cooked ; they 
found the heat to be 112'' of Reaumur, 32"^ above that 
of boiling water. The rarity of the air, its weak con- 
ducting power, and its small capacity for caloric, serve 
to explam how a person can exist in so warm an at- 
mosphere. It is by its action upon the skin, and the 
consequences which ensue from that, that fire becomes 
injurious. Now the " Fire King," who exhibited him- 
self in London last spring, was wrapped up in wide 
pantaloons, of red wool, a loose mantle also of wool, 
and wore on his head a great quilted felt cap; and 
the wool being a bad conductor of heat, this wonder- 
working genius should awaken the astonishment of die 
Ignorant alone. 

fVhy care porous or spongy substances, as feaiherSj, 
JUecy matter y fyc. had condvMors of heat ^ 

Because, in great measure, of the quantity of air 
which they have in their structure ; air being, probably, 
the worst conductor known, that is, the substance 
which, when at rest, impedes the passage of heat the 
most. — JimoU, 

Why does a drop of water roU about <m a red-hot 
iron unihout evaporation^ 

Because its surface becomes so highly polished as 
to reflect all the heat* If the heat be less, the water 
penetrates the pores of the oxidated iron, and losing 
Its poliish is evaporated. 

Why is water frozen in a vessel from wkieh the tm 
has been pumped out, and tohich contains bodies that 
quickly absorb its vapours ? 

Because the evaporation of the water is thus acce- 
lerated — ^the heat required for the conversion of one 
portion of the water into vapour, being taken from the 
othar portion, which is thus reduced to ice. 
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Jfky is soft andHdbhy meai ta^Ufir eookingf 
Because, after the rigidity has totally ceased, animal 
flesh soon experiences the commencement of those 
chemical changes which terminate in putrefaction. 

TfTiy do confectioners mdt ice mth common saJi 7 
Because they thus produce cold much greater than 
that of the original ice. 

Why do not springs Jreexe ? 

Because die earth conducts cold or heat but slowly, 
and the most intense frosts penetrate but a few inches 
into it ; the temperature of the ground, a few feet be- 
low its surface, is nearly the same all the world over. — 
AmoU. 

Jfky cart many of (he gotMc haUs and cathedrals cod 
in summer and warm in winter ? 

Because, in proportion as buildings are mai»ive, they 
acquire more of mose qualities, wMch have just been 
noticed, of bur mother-earth. — AmoU. 

Why is <fcc degree ofcoldgrtater ike farOur we rc- 
Tfpovefrom the earth^s surface f 

Because the air is not heated immediately by the 
rays of the sun passing through it ; but on their meet- 
ing with an opaque (or dense) body, as the earth, their 
heat \b elicited, and thence gradually conmiunicated 
to the surrounding atmosphere. 

In winter, the earth, at eighteen mches depth, is 
warmer than the air ; in summer, the air is warmer 
than the earth at that depth : these effects are owing 
to the earth being a bad conductor of heat. — Parkes. 

Why do the ISwiss peasant, when they wish to sow 
ikeir seed^ spread black cloth on the surface of (he 
snow f 

Because it may absorb ^e sun'^ rays, and facilitate 
the melting of the snow. Dr. Franklin, to exemplify 
the effect of the different colours in absorbing neat, 
covered snow with pieces of cloth of different coloun^ 
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at a liine when the sun was shininff fully upon the 
snow. Having done so, he observed that the snow 
under the black cloth was melted first, then that under 
the blue, then under the brown, whilst that under the 
white cloth was very inconsdderably melted. 

Why are the heights of mounicdns ccdcvlated by (he 
temperature at whim water hoUa upon their summits 9 

Because, if we diminish atmospheric pressure, we 
lower the boiling point. Thus, water, imder mean at- 
mospheric pressure of 30 inches of mercury, boils in a 
metallic vessel at 212"^. At the top of Mont Blanc, 
Saussure found that it boiled at 187% from the atmos- 
phere being less dense there than below. 

Why is the air warm in misty or rainy weather? 

Because of the liberation of the latent heat from the 
precipitated vapour. 

Why is heated air thinner or lighter than cold air % 

Because it is a property of heat to expand all bodies ; 
or rather we should say, that we call air hot or cold, 
according as it naturally is more or less expanded. . 

Why is a tremulous, motion observable over chdmney- 
potSj and slated roqfs whkh ham been heated by ihe 
sun9 

Because the warm air rises, and its refracting power 
being less than that of the colder air, the currents are 
rendered visible by the distortion of objects viewed 
through them. 

Witiiin doors, a similar example occurs above the 
foot-lights of the stage of a theatre ; the flame of a 
candle, or the smoke of a lamp. . 

Why are the gas chanddiers in our theatres placed 
under a large funnel 9 

Because the funnel, by passing through the roof into 
the outer air, operates as a very powerful ventilator, 
the heat and smoke passing off with a large proportion 
of the air of the house. 
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The ventilaticMti of rooitts and buiidlngB can onlv be 
perfectly ef^ted^ by sufieiiag the heeted and fi>ul air 
to pass off through ap^tuies in the ceilmff, while freih 
air, of any desired temperature, is admitted from below. 

Why is ihe atmosphere of theatres^ cmd Mitr crowded 
jdaces, prtjvdiddl to heaiUnf 

Because it has been found; that in a theatre, j&om 
the eommenconent to the end of the play, oxygen or 
vital air is diminished in the proportion of from 21 to 
87, or nearly one-fourth, and is in the same proportion 
less fit for respiration than before. — Lavoiaier. 

Why are dim^^'bellB restricted in ^icir descent to 
ten or twelve faOiMns ? 

Because of the denarty, and more especially the 
heat, of the air, akhough renewed by forcing pumps^ 
becoming insupportable. 

Why does the hark of trees resemUe clothing f 

Because it allows the heat to pass j&om tne tree but 
slowly, and secures, therefore, the temperature neces- 
sary to vefietable life. 

That caloric is as necesaary for the support of vege* 
table as it is fbr that of animal life, may be proved oy 
direct experiment I( in the middle of winter, a hole 
be bored in a tree, and a thermometer put into it, it 
will be seen that the tree is many degrees wanner than 
the atmosphere. 

Why does the effect of tcind^ or motion of the axTy 
quicken evamration^ 

Because it removes air saturated with the moisture,' 
and substitutes air which is not, thus producing neariy 
the case of the substance placed in a vacuum. 

Why do liquids evaporate neither so rapidly nor so 
greoHy in airy as in a vacuuinf 

Because the presence of the air impedes the spread- 
ing from the hquid surface of the newly-formed va- 
pour, and keeps it where its pressure reasts the forma- 



34 XlTOWLSDeB POB TBB FSOPLB. 

tion of more vapour; and, becaiiBe the air in contact 
vith a liquid, shares its higher temperature with the 
^liquid. Still, in India, fiat dishes of Moater, placed 
through the night on beds of twigs and straw, kepi 
wet, and in a current of air, soon exhibit thin cakes of 
ice — and thus ice is procured in India, for purposes of 
luxury. — ^^moU. 

Why do heated sea-^and and soda form glass f ^ 
Because, by heating the mixture, the cohesion of 
the particles of each substance to those of its own kind 
is so diminished, that the mutual attractions of the two 
substances come into pla^, melt together, and unite 
chemically into the beautiful compound called glass. 

Why is sand used in glass f 

Because it serves for stone; it being scud, that all 
white transparent stones which will not bum to lim^ 
are fit to make glass. 

Why do cracked glass vessels allow liquors to escape 
nu)reorless9 

Because of the various fissures, which are distin- 
guished into four kinds. The first are such, that the 
Equid contained in the broken vessel escapes through 
them into the air. The second are such 6a retain the 
liquid, unless the vessel be hnmersed in water, <» a 
similar fluid, and then the levels of the two portions of 
the fluid, tend to approach each other. The third are 
not permeable, (or, to be passed through) unless the 
fluids on opposite sides have a chemical action on each 
other: this is also the effect produced by the mem- 
brane of the bladder. The fourth kind are so fine, 
that no fluid passes, except in a single case. — Fischer. 

Why is Jme table-glass very liailde to wear and da^ 
mage 7 

Because of the great quantity of oxide of lead which 
it contains, to give it more density and refi'active 
power. ItQ disadvantages are extreme softness, gi^t 
fusibility, and liability to be corroded by acids. A 
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connderable quantity of this oxide is contained in that 
glass used for lustres, for artificial gems, and for moat 
optical purposes. The superior appearance of 6ui- 
nand's Swiss flint-glass is attributed to the quantity of 
oxide of lead which it contains. 

EliECTRlCITT. 

Jfli^ %8 dectricity to caUcdf 

Because of its origin firom electron^ the Gfeek name 
of amber, — the phenomena displayed by rubbing a 
piece of amber, being the first physical met recorded 
m the history of science. 

lEUectricity investigates the attractions and repul- 
dons, the emission of light and explosions, which are 
produced not only by the fiiction of vitreous, reainoua^ 
and metallic surraces, but by the heating, cooling, eva« 
Deration, and mutual contact of a vast number of 
bodies. 

Why are certain hodieg catted eondudora of electn^ 
cUyf 

Because they suffer electricity to pass through their 
substance. *The metals are all conductors ; according 
to Mr. Harris, (PAtL Drans, 1S37) silver and copper 
are the best conductors ; then gold, zinc, and platinum, 
iron, tin, and lead. Well burned charcoal and plum- 
ba^also conduct. 

Ifhy are other bodies caUed non-^ionductoraf 

Because they only receive electricity upon the spo* 
touched. Dry air, fflass^ sulphur, refepns, and oils, are 
non-conductors. Water, damp wood, ^irit of wine, 
damp air, some oila, and most animals and plants, are 
imperfect conductors. 

Why hem different hodiea variqua conducting powera 
for dectricUy f 

Because ueir degree depends on the quantity of 
electricity which.traverses them ; bo that of two con- 
ducting bodies, tiiat which is the best for one electric 
current, maybe the worst for. either a stronger or a 
weaker current— -Ph/et«or Jh^iasrv^ qf Oenevck 
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ffkjf are (he phenomena of dechieUy eaOed negatm 
andpontivef 

Because, Franklin, observing that the same electric- 
d^ was not inherent in the same body, but that glass 
sometimes exhibited the same phenomena as wax, and 
wax as glass, instead of ref^uding the phenomena as 
dependent upon two electric fluids, referred them to 
the |>re8ence of one fluid, in excess in some cases, and 
deficient in others.- To represent these states^ he used 
the terms plus and< mthi», poeiiwe and negative, Thus^ 
when glass is rubbed with silk, a portion of electricity 
leaves the silk and enters the glass ; it becomes positive, 
therefore, and the silk neffative : but when seahnff-yax 
is rubbed with flannel, the wax loses and the &nnel 
gains; the former, therefore, is negative, and llie latter 
positive. AU bodies in nature are thus regiurded «s 
containing the electric fluid ; and when its equilR)rium 
is disturbed, they exhibit the phenomena just des- 
cribed. — Brande, 

Why does an dedrical mackine produce flasMs and 
9park» ofUghtywhen the plate or cylinder is turned f 

Because, it is conjectured, of me sudden compres- 
sion of the air, or medium, tibrough which the electri- 
city passes: it is, probably, always attended by a pro- 
port^nate elevation of temperature, as is shown by the 
power of the spark to influence spirits of wine, fulmi- 
nating silver, and other easily inflammable compounds. 
— Brande. 

Why unU a feather adhere to rubied or excited seaHng^ 
waxj and thenfaU offf 

Because it is attrapted by, and remains in conteU^t 
with, the wax, till it has acquired its electricity, when 
it will be repelled, and in that state of repulsion^ it 
^nill be attracted by an excited glass tube. 

Why does (he (wpearance of eUctmJke varyf 
Because of the diflerent denaty of the medium 



\. 
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tfaroagfa which it passes. Thus, in common air, short 
sparks are straight, or nearly so, and long ones zig-zag ; 
the former are brilliant, especially at their extremities, 
the latter usually of a paler or redder hue. In con- 
densed air, the electric spark is bright and white ; in 
rarified air it is of a reddish tinge, and &int and 
divided ; in the more pnerfect vacuum of a good air- 
pump, it is of a purplish hue, and only visible in a 
dark room. In the most perfect vacua which can be 
obtained, it is scarcely visible, and of a greenish tint 
In difierent gases the electric spark appears most bril- 
liant in those which are most dense ; in hydrogen gas 
it is fidnt and red ; in carbonic acid it la vivid and 
wiiite. — Brandci 

Why 18 iht dectrical shock produced at the joints of 
the fingers, the elbows^ sh/Qvlders, and chest, ly holding 
the discharger of a Leyden phial ? 

Because there is an accumulation of electricity 
within the phial, which consists of a thin glass jar, 
coated internally and externally with tin-foil, to within 
a short distance of its mouth. When the inner sur- 
face is rendered positive by union with the conductor 
of the electrical machine, the exterior^ being connect- 
ed with the ground, becomes negative by vicinity or 
position. When the inner and outer surfaces are 
united by a conductor, all electrical accumulation is 
annifairated by a powerful spark, and the two opposite 
states are found to have been precisely eqmvalent 
Af etailic wires, with balls at their ends, bent or jointed, 
and tixed to a glass handle, are generally used to 
transfer the electric charge, and these instruments are 
called dischargers, A pane of glass, txwted upon both 
sides to within an inch of its edges, with tin-foil, 
exhibits pifecisely the same phenomena as the phial ; 
but it ia a less convenient form of the apparatus.—- 
Brande, 

Why does the aura {or wind of cm eketricfd mai^mt) 
hloto out a candle f 

FART V. E 
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Because of the rapid succession of the electrified air. 
Tl^is effect is felt upon holding the hand near the 
point of a wire affixed to the conductor, when a pecu- 
liar coldness is perceived. It communicates motion 
to light bodies, as is seen in electrical fly-wheels, and 
in models of mills, orreries, and other amusing electro- 
mechanical apparatus. 

Why is an arrangement of severed Ley den jars caUed 
an electrical baUery ? 

Because by a communication existing between all 
their interior coatings, their exterior being also united, 
they may be charged and discharged as one jar. 

The discharge of the battery is attended by a con- 
siderable report, and if it be passed through small 
animals, it instantly kills them; '}f through fine me- 
tallic wires, they are ignited, melted, and burned; 
and gunpowder, cotton sprinkled with powdered resin, 
and a variety of other combustibles, may be inflamed 
by the same means. 

WTiy is liffkt ^duced in the empty part of a iotio- 
meter tti&e, token %t is shaken in a dark room % 

Because the glass becomes elecdified by the fiio- 
tion of the mercury. Even the friction of air upon 
glass is attended by electiical excitation : for it has b«en 
found, that by blowing upon a dry plate of glass, with 
a pair of bellows, it acquired positive electricity. 

Whf is a plate ofodnc^ when brought into corUad with 
one ofcoj^er^ or stiver^ found, c^ier removal^ to he posi- 
tively elei&ricid, and the silver or copper left in the oppo" 
aitestaU7 

Because of the electrical excitation by contact of the 
different metals, the most oxidizable (liable to rust) me- 
tal being always positive in relation to the least ox- 
idizable metal, wmch is negative ; and the more oppo- 
site the metals in these respects, ^tue greater the elec- 
trical excitation; and if the metals be placed in tiie 
following iBVder, eaoh will become positive by the con- 
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tftct of that which precedes it, and negatiye by the con- 
tact of that which follows it , and the greatest effect 
will result fix>m the contact of the most distant metals. 

Platinum 

Gold, 

Silver, 

Mercury, • 

Copper, 

Iron, 

Tin, 

Lead, 

Zinc. 

Why are brass cocks in leaden cisterns anroded (A 
ihe Junction ? 

because of the chemical effects of the contact of 
the metals. In like manner, the places where solder 
is applied are liable to depositions from the water. 
Iron railings are apt to be decayed and dissolved, 
where lead is used to fix them in stone cavities ; and 
where iron is employed in fixing a bronze statue, my 
friend Mr. Chantrey (observes Mr. Brande) informs 
me that it prevents the acquisition of the desirable 
green rust 

^ Why hate copper been svbstitvied Jbr iron nails and 
pins in fastening sheets of copper to ships* bottoms "^ 

Because the galvanic action produced by the union 
of the two' metals, iron and copper, was a great cause 
of destruction; and copper nails and pins, although 
not so strong, are. not attended with the same* incon- 
venience. 

The last experiments which engaged Sir Humphry 
Davy's attention to any extent, were on this application 
of electrical combinations, for the purpose of preserv- 
ing the copper sheathing of ships' TK)ttom8. To this 
subject Sir Humphry Davy gave much of his time, 
iind personally inspected all the boats and vessels 
on which the trials were m&Tde. Although the theory 
upon which they were conducted proved eminently 
correct, no advantage could be ultimately taken of the 
plans which it suggested. The saving of the copper 

e3 
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was wholly counterbalanced by an accuitiulation of 
shell-fish and sea-weed on the sheathing, which became 
sufiicient, in a short time, to prevent the proper com- 
mand of the ship at the hehn. 

Whj 19 dtdri^Jtu aujmosed to consist in a rarey subUe^ 
and hugJdy elastic fluidi 

Because a fluid of this kind, when accumulated in 
excess in bodies, tends constantly to escape, and seeks 
a restoration of equilibrium by communicating itself 
to any others where there may be a deficiency ; thus, 
in its tendency to expand and diffuse itself, pervading 
with more or less facility the substance of conductors, 
but obstructed and detained fi*om expansion more or 
less completely by non-conductors. It also appears 
that all electrical phenomena are explicable on this 
supposition. 

Why is animal electricity also called ealvanism? 

Because of its discovery bv Galvani, by tlie accidental 
suspension of recentlv killed frogs, by copper hooka, to 
the irpn pali»Eules of his garden, when he observed con- 
vulsive movements in the limbs of the animals, which 
no known principle could expliun. Galvani,at length, 
ascribed these muscular movements to a series of dis- 
charges of a peculiar electricity, inherent and innate 
in Uving beings. 

Why were the phenomma just mentumed, caUed Voir 
Udc etectricihif 

Because Volta proved that they proceeded firom the 
contact of the two dissimilar metals (of the hooks and 
palisades^ copper and iron, producing such a disturb- 
ance of tne electrical equilibrium as was sufidcient to 
afifect the most delicate of all electroscopes, (measures 
of electricity) the irritability of a nevt^-killed fi-og, 
though it was insensible to every electroscope of human 
construction. Oalvani, however, proved that muscu- 
lar convulsions could be produced ^i the limbs of dead 
fi-ogs, altogether independent of metals. 
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ChilTaiiisEn has of late years given Inith to improve- 
ments that have changed the fiice of chemical phi- 
losophv. One of its most hrilliant results is thus 
foeautiniJly Ulustrated in a Treatise "on the objects^ 
advantages, and pleasures of science," attributed to the 
present Liord Chancellor: — ^"It is to the results of the 
remark accidentally made upon the twitching in the 
frog's legs, not, however, hastily dismissed and for- 
gotten, but treasured up and pursued through many an 
elaborate experiment and calculation, that we owe our 
acquaintance with the extraordinary metal, liquid-like 
mercury, lighter than water, and more inflammable 
than phosphorus, which forms, when it bums, by mere 
exposure to the air, one of the salts best known in 
conunerce, and the principal ingredient in saltpetre.'' 

ff%y tocts ihtr VoUmc pUe first canstntdedf 
Because a slender rod of silver and of zinc, touch- 
ing each other at one of their ends, and at the other 
brought into contact with the nerve and muscle, or 
spine and toes of a dead frog, having excited powerful 
convulsions, it occurred to Volta that a repetition, on 
a more extended surface, of that simple series of two 
metals and moisture, might produce a combined ef^t, 
capable of being felt by the himian hand. Hence, he 
constructed, by regular alternations of silver, zinc, and 
moistened cloth or pasteboard, in a columnar form, 
the electro-chemical pile and battery. The best form 
of the Voltaic instrument is, however, that of a trough 
of earthenware, with divisions of the same maitenal, 
(to be filled with dilute acid) ; and the metallie plates 
are attached to a bar of nmd, so that they can be 
imn^ersed and removed at one operation. Such is 
the great apparatus of the Royal Institution, the most 
powerful battery yet constructed m -elecir(h-chemiuiol 
tntermty. The whoJLe surface is IQBfiOO square inehes. 
Mr. repys likewise constructed a battery of 9000 
plates for the London Institution; and Mr. Children 
constructed a vast apparatus, the plates of which 

e3 
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were two feet eight inches wide, and six feet high. 
They were fastened to a beam suspended by counter- 
poises from the ceiling of his laboratory, so as to be 
eaeoly immersed into, or withdrawn from, the cells Of 
the acid.-— jBrotuie. 

There are six great eras in ekctro*chemical science : 
— 1. Its &Bt discovery by Gairani* 2* Volta's disco^ 
very of the contact of dissimilar metals disturbing the 
electric equilibrium. 3* Volta's invention of the pile* 
4. The chiemieal power of this instrument first observ- 
ed by Mefisrs. Carlisle and Nicholson, in the decompo-^ 
ntion of water. 5. The identity of these chemicaJ 
effects with those producible by common electricity, 
first discovered and demonstrated by Pr. Wollaston. 
And, lastly, the general laws of electro-chemical de- 
composition and transfer, revealed by Sir Humphrey 
Davy in a series of memoirs equally remarkable for 
genius and industry. — I7res 

Wky ii eUdridhf conUfvuaUy acHw in nature f 
Because general changes in the form and consti- 
tution of matter, are connected with its electrical 
states. 

FHiy does it Ufhtenf 

Because of the accumulation of electricity in the 
clouds: hence it is, in philosophical parlance, callec^ 
the dectric fluid, ' 

The discharge of electricity in a thunder-storm, is 
sometimes only from cloud to cloud ; sometimes fK>m 
the earth to the .clouds; and sometimes from the 
clouds to the earth, as one or other may be positive or 
negative.. When aqueous vapour is condensed, the 
douds fbrmed are usuaUy more or less electrical ; and 
the earth below them beine brought into an opposite 
stale, a discharge takes {nace when the clouds ap- 
proadi within a certain distance, constituting light" 
ning^ — Brande* 

Jfhf does it thunder 7 ^ 

Because of the undulation of the air, ]nt>daced by 
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tlie electric discharge jnst mentioned ; diunder hmng 
more or leas intense, and of longer or tarter duration, 
according to the quantity cf air acted upon, and the 
distance of the place where the report is heard from 
the point of the discharge. 

Mr. Brande, from whom we quote this explanation, 
^ves a flirther iUustration of this idea: — ^'^ Electric 
effects take place in no sensible time: it has been 
found that a discharge throu^ a circuit of four miles 
is instantaneous ; but sound mores at the rate of about 
twelve miles in a minute. Now, supposing the light- 
ning to pass through a space of some miles, the explo* 
sion wul be first heard fi*om the point of the air 
agitated, nearest to the spectator; it will mdualLy 
come from the more distant parts of the electricity, 
and, last of all, wUl be heard from the remote extre- 
mity : and the dif^rent degrees of the agitation of the 
air, and likewise the difference of the distance, will 
account for the different intensities of the sound, and 
its apparent reverberations and changes." 

Su: H. Davy, in his Elemenk, says: ^In a violent 
thunder-storm, when the sound instantiy succeeds the 
flash, the persons who witness the circumstance are in 
some danger; when the interval is a quarter of a mi- 
nute, they are secure." 

Why are pointed conductors fired as safegwsrds to 
huUdings? 

Because the fluid or lightning may be attracted and 
circulated along them, and thus kept from injuring 
the building, tiU at length it reaches the earth as a 
common reservoir. 

In these cases, the conducting rod or rods should be 
of copper or iron, and fix>m half, to three-^urths of an 
inch in diameter. Its ^piper end should be elevated 
tiuee or foiur feet above the highest part of the build- 
ing, and iEiU the metallic parts of the roof should be 
connected with the rod, which should be perfectiy con- 
tinuous throughout, and paaung down the side of the 
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building, penetrate several feet below its foundsdon, 
so as always to be immersed in a moiststratum of soil, 
or, if possible, into water. The leaden water-pipes 
attached to houses often might be made to answer the 
purpose of conductors, especially when thick enough 
to resist fusion.-— ^ancfe. 

The magnificent effects of electrici^in the thunder- 
storm, were first experimentally demonstrated by Dr. 
Franklin, whose whole hfe was passed in ameliorating 
the condition of his feUow creatunps. 

fFhy 18 Oie firedde an WMcft pUut in a thunder' 
storm f 

Because the carbonaceous matter, or soot, with 
which the chimney is lined, acts as a conductor for 
the Ughtoing. 

Why is the middle of an apartmenit the safest plaee 
during a thunder-storm^ 

Because, should a flash of lightning strike a build*- 
ing, or enter at any of the windows, it will take iis 
direction along the walls, withoiit injuring the centre 
of the room. 

Why is bed a place of comparative sqfety in a ihunr 
der-storm f 

Because blankets and feathers are non-conductors. 
A wooUen rug is likewise a non-conductor, but it 
should be removed fix>m the chimney. Bell wires 
being conductors, are almost^ways melted in houses 
struck by lightning.. 

Why isUdangerowio take sheUer under a tree during 
astormf 

Because the tree is a good conductor, probably from 
vegetation {tending to atmospheric electricity, and the 
immediate vicinity of the tree being more highly 
electrical, as will be presently^shown, (See page 47.) 

The safest situation without doors, during a storm, 
is "Mthhx some yards of trsM^ and upon the cfryest spot 
that can be selected. 
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WkfforeMhipa oL^easotiftm dubwftd bu ligkbUngf 
Because of the great qaanti^ of metal,, uid parti- 
cularly of iron, wBich is employed in the rigging; 
piore especially as tlie metallic masses are there nearly 
insulated, or connected only by very imperfect con- 
ductors. 

.These inferences are drawn £rom an interestins ac- 
count of an accident to the packet ship the New York, 
by lightning, in 1827. The paper ia by Or. Trail, and 
was communicated to the Royal Society by one of its 
most distinguished feUows, the present Lord Chancel- 
lor. It will, of course,* be foimd in the Philosophical 
Transactiom of the year, but, perhaps, more reaoily, in 
the Arcana qf Science and Art for 18S^. 

Why U copper a hdUr material for a conductor iSum 
vron% 

Because copper is less liable either to fusion or 
converaon. A rod is also, from its continuity, a better 
jform of conductor than a chain. 

Why are ihere *^ returning'^ strokes of lightning^ 
Because they are due ta the restoration of the natural 
electric state, after it has been disturbed by induction. 
Thus, if a peraon be brought into a highly -electric and 
negatiye state by induction, from the approximation of 
a body highly charged positively, and then the latter 
be discharged by means having no connexion vrith the 
negatively electnfied per^n, the negative state of the 
latS^r will be inmiediately destroyed, and an effect, in 
part analogous to a positive discharge of electricity, 
will be produced. Some of the most serious accidents 
which occur from lightning are supposed to be pro- 
duced in this way ; not by the mere disturbance of 
electricity in a person only, but of the electricity of 
those bodies with which t^ie person may be in contact, 
and to which he accident«dly serves as a conductor. 

For an illustrative narrative of a returning stroke c^ 
lightning, near Paris, in September, 1826, see a paper 
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translated from the Anndles de Chmie, in the Quar- 
i&iy Jmrrud qfScienee for 1826. 

ffhy are vitreous tubes occurring in elevated sandy 
districts f called " lightning tubes ?" 

Because they have been considered as produced by 
lightnmg, which melts the sand to a considerable 
depth, so as to form a tube, commonly sinuous, with 
solid and smooth walls internally, and rough on the 
outside. In 1828, a young German naturalist pre- 
sented to his academy some of these tubes seventeen 
feet in length. It has been asked how^ electricity 
could produce effects so intense, and wliiclT have beeii^ 
considered so different from those obtained from artifi-^ 
cial electricity ; but this point has been decided by two 
eminent French chemists' success in forminc fragments 
of tubes perfectly resembling the natural lightning 
tubes, only that their walls were less solid, and their 
length less. 

fVhy have the gymnotus, or deetrie eeZ, and the torpedo^ 
or electric eeZ, a Senundnnf effect when touched f 
Because of certain smgularly constructed organs 

given to those remarkable animals for the purposes of 
efence, which ciertain forms of the Voltuc apparatus 
much resemble ; for they consist of many alternations 
of different substances. These electrical organs are 
much more abundantly supplied with nerves Sian any 
other part of the animal, and the too frequent use of 
them IS succeeded by debility and dealih^PhUosophi' 
cat JVansacHons, 1817. 

Towards the close of his valuable life^ Sir H. Davy 
dated from Lubiana, lUyria, (1828) an important paper 
containing a summary of his experiments on the tor- 
pedo. It will be found in. the Philosoptucal Trcmsac- 
tions of the year. Among t|ie inferences drawn by Sir 
Humphry, is *' a stronger analogy between cotnmon 
and animal electricity, than between Voltaic and ani- 
mal electricity; and a probability that animal elec* 
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tricity will be found of adifldnctive and peculiar kbndL" 
This opinion, it will be perceived, is at yariance with 
the explanation quoted in the preceding paragraph. 
Again, Sir Humphry observes, ''the organ of the 
torpedo depends for its powers upon the will of the 
animal. John Hunter has shown how copiously k is 
furnished with nerves. In exarnining the columnar 
structure of the organ of the tprpedo, J have never 
been able to discover arrangements of difTerept con- 
ductors similar to those in gedvanic combinations ; and 
it seems not improbable that the shock depends upon 
some property developed by the action of the nerves." 

Why do vegetables tend to atmospherie dedricity f 
Because of the action of the charcoal they contain 
upon the oxygen of the air ; and when it is considered 
that on one hand about ii^en grains of charcoal, in 
becoming carbonic acid, gives out sufficient electricity 
tp charge a Leyden jar ; and, on the other hand, that 
the charcoal which is contained in vegetables does not 
give out less electarioity than chared which bums 
freely, one may conclude, as du-ect experiments tend 
to prove, that over a surfiice of vegetation, 100 metres 
square, more electricity is product in a day than is 
necessary to charge the strongest dectrical battery.—^ 
M. Pouilkty in the Annates de Ckimie. , 

Why is eUctridiy beneficial tapla/nts f 

Because electiined seeds pass more rapidly through 
the first periods of vegetation, than such as are not 
electrified; and electrmed roses flower more rapidly 
and abundandy. Plants witk pointed leaves and spines 
attract electricity. 

Why is the cvtHng down cf forests found to dxnwnish 
ikequanUtyofrcdn? 

Because it is supposed to diminish the attraction fbr 
clouds. ( 

Why do leuhes die suddenly at (he approaek qf or 
during storms 9 
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Bec^nsd' of the- coagulation of their blood, caused by 
the impresnon of the almoBpheric electricity. 

f^y i$ eUetricihf considered an important chemad 
agentJ 

Because it not only produces an infinite variety of 
changers but likewise influences almost all which 
take {^Ce. Thus, thei^ are not two substances on the 
surface of the globe that are not in different electrical 
relations to each other ; and chemical attraction itself 
seems to be a peculiar form of the exhibition of elec- 
trical attraction; and wherever the atmosphere, or 
water, or any part of the sur&ce of the earth gains ac- 
cumulated electricity of a different kind from the con- 
tiguous surfiices, the tendency of this electricity 1$ to 
produce new arrangements of the parts of these sur* 
fiices ; thus, a positively electrified cloud, acting even 
at a great distance on a moistened stone, tends to 
attract its oxygenous or acidiform, or acid ingredients, 
and a negatively electrified cloud has the same effect 
upon its earthy alkaline, or metallic matter ; and tiie 
aient and slow operation of electricity is much more 
important in the economy of nature, than its grand 
and impressive operation in lightning and thunder. 
The chemical agencies of water and air are assi^fted by 
those of electricity ; and their joint effects, combined 
with those of gravitation, and certain mechanical ones, 
are sufilcient to account for the results of time. — Sir 
IL Daivy^s Comolaiionf in TnweL 

Why are magnetism and electricity f which had long 
been studied as separaU branches of science, now effedn* 
aUyblendedf 

^loecause all the phenomena of magnetic pohui^, 
attraction, and repulsion, have at length been resolved 
into one general fact, that two currents of electricity 
moving in the same du^ction repel, and in contnuy 
directions attract, each other. — HersiiicL 

Hence, the map;netio effects of electricity constitute 
a new branch of science, under the tide of eUctro- 
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mofmiimn. The more popular phenomena of mag- 
netism, which it will be our object to explain, do not^ 
however, belong strictly to chemical inquiry ; we may 
therefore reserve their iUustration for a more fitting 
occasion. 

I.IGHT AND FLAME. 

Why may light and air he said to constitute a portion 
qfourecuih^ 

Beea,U9e of their absorption by the earth. Thus, 
the light emitted by biuning coals, (which are gene- 
rally admitted to be of vegetable origin) has undoubt- 
edly been condensed in them by a process of nature 
which bids defiance to conjecture. — Mr. Deirosier of 
Momchester. 

Why does afire give out wanrdhf 

Because the heat Is radiated; there being but little 
connexion with the immediate conducting power of the 
air ; thus, if a concave metallic mirror be held opposite 
the fire, a heating and luminous focus will be obtained. 

Whv is ice produced in India (as described in 
page 34) ? 

Because,' chiefly, of the high radiating powers of 
the dry straw which is strewed in the inclosures, con- 
taining the water ii^^ shallow dishes. Calm and serene 
nights are most favourable to this operation, and it is 
necessary that the str^w should be dry; for, when 
wetted, the production of cold is prevented ; a circum- 
stance which shows that evaporation \a not the cause 
of the diminished temperature. We quote this firom 
Brande, although the conclusions do not coincide with 
the opinion quoted Srom Amott, at page 33. 

Why are certain rays of the sun termed decompo9-' 
imgf 

^Because they have a tendency to interfere with Iho 
chemical constitution of bodies. Besides this kind of 
rays, it is ascertained there are two others ; the calori- 

PART V. F 
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fic, or heating ra3ra; and the liimmous, or coloarifie 
rays, which produce vision and colour. 

Sir H. Davv has, in some general facts of great 
interest, traced an analogy between the effects or the 
sun's rays and the agencies of electricity. 

fVhy are the terms red-hot and tokUe^hot usedf 
Because, when bodies «re rendered luminous by 
great elevation of temperature, the light which thev 
emit often appears dependent upon the heat to wMch 
they are subjected. There are, however, certain 
bodies which, at high temperatures, are remarkable 
for the quantity and extreme brilliancy of their tight, 
independent of actual combustion; this is the case 
with several of the earths, but more especially with 
'time, a smaU baU of which, about a quarter of an 
inch in diameter, being i^ted in the flame of alcohol 
m'ged by oxygen gas, enuts tight ; havmg about thirty- 
seven times the intensity of an Argand lamp burner.-— 
Brandt, 
Lieutenant Drummond has proposed to aj^ply this 

Erinciple to the improvement of the illumination of 
ght-houses ; by substituting ^ for the Argand burners 
a small baU of lime ignited by the combustion of oxy- 
gen and hydro^n." His experiments are described 
in the Philosophical TVansactions, 1830, as follows : — 

** From this small baU, only three-eights of an inch 
in diameter, so brilliant a light is emitted, that it 
equals in quantity about thirteen Argand lamps, or 
120 wax candles; while, in intensity or intrinsic 
brighmess, it cannot be less than 260 times that of an 
Argand lamp. These remarkable results are deduced 
from a series of experiments made lately at the Trinity 
House ; and, having been repeated with eveiy precau- 
tion, and by different individuals, there seems no reason 
to doubt their accuracy. In the best of our revolving 
tights, such as that of Beachy Head, there are no less 
than thirty reflectors, ten on each side. If, then, a 
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single reflector, ilhiminated by a lime ball, be sabsdtu- 
ted for each of these ten, the efiect of the^three would 
be twenty-six times greater than that of the thirty. 
On accomit of the smaller divergence of ^e former it 
would be necessary to double their number, placing 
them in a hexagon instead of a triangle. In this case 
the expense is estimated at nearly the same. This 
method was tried lately at Purfleet in a temporary light- 
house, erected for the purpose of experiments by the 
corporation of the Trinity House, and its superiori^ 
over all the other lights with which it was contrasted, 
was fully ascertained and acknowledged." 

Why are light and heat necessary to the existence of 
plantsf 

Because, in the sunshine, vegetables decompose the 
carbonic acid gas of the atmosphere, the carbon of 
which is absorl^ and becomes part of their organized 
matter ; and the oxygen, which is the other constituent, 
is thrQwn off. 

Why do not plants ^flourish in the dark ? 

Because no oxygen is then produced by them, and 
no carbonic acid i£sorbed. 

Light exercises a very remarkable influence upon 
the irritability of the sensitive plant Thus, if a sen- 
sitive plant be placed in complete darkness, by carrying 
it within an opaque vessel, it will entirely lose its irri- 
tability, and ttiat in a variable time, according to a 
certain state of depression or elevation of the siuround- 
ing temperature. 

Astdn, Mr. Burnet finds that when a sensitive plant 
has Been made to droop, if the part in which the 
moving power resides is blackened so as to absorb the 
light of the sun, the restoration of the plant to its 
natural state is very much longer before it takes place. 
He also finds that at the moment the expansion at the 
foot of the leaflets, or other parts, is touched, to pro- 
duce the motion of the plant, it changes colour. — 
PMlos, Mag. 



tng «r« rtrlain bM^fu taid to bt phogphorttetnl 9 
HecauBG, when heated to a certain point below in- 
candescence, (an exceedingly high temperature ■with- 
out tlie production of any gas^ tbe; become luminous, 
without undergoing combustion. Oil, wax, Bperma- 
ceti, Bud butter, when nearly boiling, ore luminous. — 



Bolognian phosphorus, the latter named from iis dis- 
coyery by ashoemaker of Bologna. — Brandt. 

Wobler, a German chemist, recommends, as likely 
to give pboephorus at a very cheap rate, to distil, by a 
Mrong heal, ivory black mtb half its weight of fine 
sand imd cliarcoal powder. A Hlicate of lime is 
formed, and the carbonic oxide and phosphorus come 

Dr. Daclie, of Philadelphia, Malea, that at Uie tem- 
perature of sixty degrees Fahrenheh, or upwards^ 
carbon in the form of animal chercool, or lamp-black, 
causes the inflammation of a stick of phosphorus pow- 
dered witli it ; the effect takes place either in the open 
air, or in a close receiver of a moderate size. 

Bodies tpottianeovtlg phospkoracent belong to an- 
~ Other dass. Among these are the flesh of s^t- water 
fish just before it putrifies, and decayed wood. The 



fu 



n and the lantcm-fly, certain shell-liBh, d 



also luminous wlicn alive ; and the bun- 
dred-legged worm, and some other worms and insects, 
shine brilliantl/ when illuminated. These phenomena, 



The phospborescence of fish has already been 
Dotioed, and attributed to animalcule duriag pvfrtfiU' 
Hon; whereas, from the experiments of (^ton, and 
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of Dr. Hulme, it appears that ^^aea-fiah beeome liinii- 

nous in about twelve hours afler death, that it increases 
till putrefaction is evident, and that it then decreasea" 

Why mayjlcme in general he regarded as lummous 
g€ueou8 matter? 

Because hydrogen gas, probably, furnishes the piirest 
flame which can be exhibited ; for the flames of bodies 
which emit much light, derive that power from solid 
matter which is intensely ignited and diffiised through 
them, and which in ordinary flames, as of gas, tallow, 
wkx, oil, &c. consists of finely-divided charcoal — 
Brande. 

Dr. Ure, speaking of "^ the nature of flame, and of 
the relation between the light and heat which compose 
it,'' says, *'The flame of combustible bodies may, in all 
cases, be considered as the combustion of an ex]^losive 
mixture of inflammable gas or vapour with air. It 
cannot be regarded as a mere combustion at the sur- 
face of contact of the inflanunable matter. This fact 
is proved by holding a taper, or a piece of burning 
phosphorus within a flame maide by the combustion of 
alcohol. The flame of the taper, or of the phosphorus, 
will appear m the centre of the other flame, proving 
that there is oxygen even in its interior part 

fFhy does spirit of wine sometimes bum with various 
coloured flames ? 

Because of its admixtui-e with difl*erent substances. 
Thus, from borax it acquires a greemik yeUow tint ; 
nitre, and the soluble salts of baryta, cause it to bum 
yeUow, and those of strontia give it a beautiful rose 
colour ; copper salts impart a fine green. 

Dr. Ure, in his valuable Dictionary of Chemistry^ 
(edit. 1830) gives the following recipe for the beautiful 
redflre now so effecfively used to aid stage eflect at 
&e theatres :— 40 parts dry nitrate of strontia, 13 parts 
finely powdered sulphur, 5 parts chlorate of potash, 
(hyper-oxymuriate) and 4 parts sulphuret of antunony. 

r3. 
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Powder the two latter separately in a mortar, end then 
mix them on paper; after which add them to the 
other ingredients, previously powdered and mixed^ 
No other kind of mixture than rubbing together on 
paper is required. Sometimes, a little realgar is added 
to the sulphuret of antimony ; and frequently, when 
the fire bums dim and badly, a very small quantitv of 
finely powdered charcoi^, or lamp-black, wiU make it 
perfect. 

Why 18 working in cod mines sometimes fated to 
miners ? 

Because of the carburetted hydrogen gas, or damp, 
and noxious exhalations, during the workme of the 
coals, from fissures or cracks in the beds ; when this 
has accumulated so as to form one-thirteenth of the at- 
mosphere of the mine, it becomes exploave by a light- 
ed candle or any kind of flame. By miners, this gas 
is called Jtre-damp, to distinguish it from carbonic acid 
gas, which they call ehoke-^mp. 

The late Mr. Spedding, having observed that the ex- 
plosive damp comd only be kindled by flame, and was 
not liable to be set on fire by red-hot iron, nor by the 
spaiks produced by the collision of flint and ste^, in- 
vented a machine, m which, while a steel wheel wag 
turned round with very rapid motion, flints were ap- 
plied to it, and by the abundanbe of fiery sparks emit- 
ted, the miners were enabled to carry on their work in 
places where the flame of a lamp or candle would oc- 
casion dreadfUl explosions. 

^ Why is the saftty-lamp so called'} 

Because it consists of a lamp surrounded by a wire- 
gauze, which, by confining tlte flame from the fire- 
damp, without intercepting the light, enables the 
miners to work in safety ; and whicl^ in gratitude to* 
its illustrious inventor, Sir H. Davy, is, in mining dii- 
tricts eaUed fi^ I>af)|y, 
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JVhff does the mre-gauu prevent expUaUm ? 

Because the mesbes or the gauze are of such a 
size that a flame of the ffas attempting to pass through 
it, is so cooled by the neat-absorbiDg and heat-con- 
ducting power of the metal, as to 1^ extinguiaiied ; 
or, in fewer words, the temperature of the flame is 
so much lowered as to be insufllcient to i^te the 
lipflammable mixture on the outside. This is shown 
by bringing down a piece of fine brass or ifon wirc- 
fiauze upon the flame of a candle ; or, what answers 
Setter, upon an inflamed jet of coal gas, it will, aa it 
were, cut the flame in half. That the cooled gaseous 
matter passes through, may be shown by again Bghting 
it upon the upper smrfaoe. 

Mr. Brande further illustrates this principle, by sup- 
posing the fl«ne of a common lamp to be everywhere 
properly surrounded with wire-gauze, and in that stale 
rnimersed in an explosive gaseous mixture, (like the 
jGre-damp) it will be inadequate to its inflammation ; 
that part only being burned which is xoiOdn the cage ; 
comuHmication to the inflammable air vnthout bemg 
prevented by the cooling power of the metaiUc tissue ; 
so that, by such a lamp, the explosive mixture will be 
consitmed, but cannot be exploded. 

The apertures in the gauze should not be more 
than one-twentieth of av inch square ; in the working 
model which Sir Humphry Davy sent to the mines, 
there were 748 apertures in the square inch. 
. The dxyve is the explanation of the principle, by, 
and from the reasonings of^ tiie ingemous inventor 
himself. — Some facts known to Signer G. Libri, of 
Floreiice, were, however, at variance with this hypo- 
thesis, and he found, uppn trial, that when single rods 
were made to approach a flame, the latter was always 
Inflected on all sides from the rod, i^ if repelled by it ; 
and tiiat this eflect was independent of the conducting 
power of die rod, whether good or bad. The amouai' 
of inflection or repnknon was directly as the mass, and 
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inversely as the distance from the flame. It was not 
diminished by increasing the temperature of the rod 
even to such a degree as to render it scarcely possible 
for it to abstract any of the caloric. In fact, when two 
flames are made to approach each other there is a 
mutual repulsion, although their proximity increases 
the temperature, instead of diminishing it From 
these prmciples, Signor L. says, the theory of the 
safety lamp is easily deduced. A metallic wire exert- 
ing, according to its diameter and its own nature, a 
constant repmsion upon flame, it is evident that two 
parallel wires so near each other as not to exceed the 
distance of twice the radius of the sphere of repulsion, 
will not permit a flame to insinuate itself between 
them, unless it be impelled by a force superior to the 
intensity of repulsion. If to these two wires others be 
added, a tissue is formed impenetrable to flame, espe- 
cially when the conducting power of the wires adds its 
Influence to that of the repulsion. He conceives that, 
from the views above stated, the number of cross or 
horizontal wires in Davy's lamps are unnecessarily 
large ; and that by rejecting all of these excepting 
a number suflicient to secure the firmness of the tis- 
sue, the lamp would aflbrd as great a security as at 
E resent, and, at the same time, difllise a much greater 
ght — ^thisopmion he has venfled by actual experi- 
ment 

Again, a Mr. Dillon, an ingenious writer on -prac- 
tical science, maintains, in opposition to Sir Humphrey 
Davy, that the Davy lamp acts by its heat and i^ore* 
fkction, not from the flame being cooled by the wire- 
gauze covering. He shows, by a simple experiment, 
mat the Davy lamp is not safe in a current of hycho-^ 
gen, or carburetted hydrogen gas, which, if steadily 
directed on the flame of the lamp from a bladder and 
stop-cock,. &^ cooling the wire-gauze, brings the flame 
of tlie lamp through the gauze to the month of the 
sitop-cock, even should there be ox folds of gau' '^ 



latarveiimff. He diows also, by i uim ewiiig llie lamp^ 
iviien cold and newly-li^tod, into a jar of dense 
hydrogen, or carburelted hydrogen gae^ or an enplo- 
nve mixture with atmofipheric air, that explosion 
takes place inside and outside of the lamp ; wnereas, 
when the lamp has burnt sufficiently long to heat 
the wire-sauze, no explosion takes place on the 
outside of the lamp. These expeiiments appear 
incontrovtttible in support of his theoiy, which is, 
^that the toire-gauze ts nwrehf iht rajM receiver and 
ih& rtUdner of Mat, and that it ia vvt ctdorie in Ua 
meshes tahidi prevents the JUune of the lannp from 
beinf fed hf the oxygen of the atmosphere on the 
outside/* 

Mr. IMllon increases the heat of the lamp, and places 
on it a shield of talc to protect it from a current, 
and, upon his theory, the shaAs or woiidngs of iron 
and coal mines may be lighted with gas with perfect 
safety, protecting the flame with wire gauze and a 
circular ^eld of talc 

The explosions from ire-damp are truly terrific. 
Sir H. Daw says, " when this gas has accumulated in 
any part of the gallery or chamber of a mine, so as to 
be mixed, in cer^rin proportions, with common air, the 
presence of a lighted candle, or lamp, causes it to ex- 
plode, and to destroy, injunQ, or bum, whatever is ex- 
posed to its violence. The miners are either imme- 
diately lulled by the explosion, imd thrown, with the 
horses and machinery, through the shaft into the ain 
— ^the mine becoming, as it were, an enormous piece of 
artillery, from which they are projected-— or, they are 
flraduaUy suffocated, and under^ a more painfrd death, 
from the carbonic acid (choke damp) and nitrogen re- 
maining in the mine after the explosion of the fire- 
damp ; or what, though it appears the mildest, is per- 
haps the most severe rate, — they are burned or maimed, 
and c^n rendered incapable of labour, or of heahby 
enJQyment, for life." 
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, > A cotnperaliTe statement has be^i made of the num^ 
ber of explosions m coal nunes, and the deaths occa- 
sioned by them, daring the ten years which preceded, 
and the ten years which succeeded, the introduction of 
the Dayy-limip ; from which it appears that 

From 1605 to 1816 theie were 9 Explos. S84 Deatltf. 
1817 1828 - - 19 360 

Excess since the introdaction of the Davy 10 76 

This excess is accounted for by the woricmen rel3ring 
so much on the Dam/, that, under its protection, they 
DOW work in places where they would not have former- 
ly ventured to take a light Liattention to the state 
of the lamps doubdess contributes to the lamentable 
total 

Mr. Brande judiciously observes, that as their safety 
"^ entirely depends upon the perfect state of the wire- 
gauze, and upon the non-existence of any aperture or 
channel sufficiently la^ge to admit of the passage of 
flame, they should, when in use in a coal mine^ be in- 
spected daily, to ensure their soundness in these res- 
pects. In gas-manufiictoiies, spirit-warehouses, and 
in all cases where inflammable vapours or gases are 
likely to be generated, as in the examination of foul 
sewers and drains, it is obvious that these lamps are 
importantly.applicable.'' 

Whv doftremerif hy the protectum of Mum's incomfma^ 
tible doth and wire-gauze, remain fw two or three minutes 
eomplddy envdoped inflames, without injury ? 

Because, perilous as their situation may appear, they 
are supplied in some way with pure air. M. Gay Lus- 
sac observes, that when a furnace is heated so as to 
flame and smoke, the air within is entirely deprived of 
oxygen ; and therefore it is certain, that if the imme- 
diate action of the flames were guarded off by the wire- 
gauze, still it would be impossible to sustain respiration 
m the midst of them. There are several ways of ac- 
coimting for the requisite supply of air; and one which 
M, Gay Lussac suggests appears the most probable: 
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yiz. that the men are supplied by a current of firesh 
.1 air jGx>m the space between the two garments. Besides 
this, we cannot suppose that their heads are con- 
stantly enreloped in me flames, and they, of course, 
find fitvoiurabie moments for breathing; again, the 
power of suspending the breath is also an excellent 
' resource, which every fireman ought by practice to ac- 
'^ quire. The fireman has another difficulty to contend 
with, in the dense volumes of smoke, which prevent his 
breathing, blind his sight, and consequently retard his 
exertions. To obviate this, it has been proposed to 
furnish a supply of air fix)m a portable reservoir; or 
by means of a flexible tube, rising fi*om the feet to the 
mouth, through which the fi*esh air would naturally 
' rise, as the heated air escaped above. — PhU. Mag. 1830. 
Why does amhdou, or German tinder, readUy ir^kme 
Jrom flint and stedyorfiom the sudden condensation of 
airf 

Because it consists of a vegetable substance found 
on old trees, boiled in water to extract its soluble parts, 
then dried and beat with a mallet, to loosen its tex- 
ture ; and lasdy, impregnated with a solution of nitre. 
— Ure. 

^ Why is a piece of paper lighted^ by holding it in ihe 
air which rushes out of a common lamp-glassf 

Because of the high temperature of the current of 
air above the flame, the condensation of which is^ by 
the chinmey of the glass. 

Why does heated platinum wvre^ \f placed round the 
wicJt of a sptnt-lamp, continue to give light and heat^ 
though vnthoutflanu^ 

B^use of the vapour of the spirit ; the h6at never 
becoming sufficiently intense to produce its inflamma- 
tion. This discovery, by Davy, ultimately gave rise 
r^ to the formation of a lamp, which, containmg alcohol, 
V and prepared at the place of the wick with a piece of 
I spoi^Ey platinumi or, as Dobereiner calls it, sub-oxjute 
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of pktbniiii, or aome other form of that m^tal^ gra^ 
duuly converted the whole of the alcohol into acetic 
add. 

The lamp in this fonn has heen used for a night- 
lamp : it gives light enoun^ to see the time by a wateh 
hela close to it ; and if more light be required, a pi6|c% 
of am^ou may be carefiiUy inflamed at it, and then 
a light procured in the usual way. Mr. Batka projxises 
to use £au de Cologne in place of common ^int of 
wine, and finds, mat then the fragrance dimised is 
rery grateM; being, in fiict, occasioned by the actual 
formation of 'aromatic vinegar, during the whole time 
the lamp bums. 

COMBUSTION. 

Whf care certam bodies combuttibUf 

Because of an intense chemical action which takes 
place in them, and is connected with their electrical 
energies ; " for, all bodies which powerfully act upon 
each other, are in the opposite electrical states of posi- 
tive and negative ; and the disengagement of heat and 
light, ( which characterizes combustion) may depend 
upon the annihilation of those opposite states vvhich 
happens whenever they combine."^-jBranc{e. 

Sir Hi Davy has asserted^ " that in any case com^ 
bnstion is merely the appearance produced, wheii sub- 
stances, which have perhaps still stronger attraction 
for each other than quick-time and water, are com- 
bining chemically, so as to become heated, at least, to 
the degree of incandescence. During the phenome- 
non, there is not, aavrsB formerly supposed, something 
altogether consumed and destroyed, or something call- 
ed phgigUm escaping; the substances concerned are 
but assuming a new mrm and arrangement. 

C)f the substances called combustmle, there are oxily 
a few which vnll beffin to unite or bum at tiie common' 
temperature of o^r globe, the others requiring to be1it 
some hi(^er and peculiar temperature. Thusy phos-^ 
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phimis begms to bum at 150'', sulidiiur at 550% chat- 
coal at 750% hydrogen at SOO'^ ; it appearing, that up to 
these temperatures, the attraction of the atoms among 
. themselves is sufficient to resist the other attraction, or 
that of oxygen. But when the ccmibustion once begins^ 
the temperature, from the effect of the combustion it- 
self, rises instantly, much beyond the degree necessary 
for the commencement of the process. Oxygen and 
hydrogen, which begin to bum or combine at 800^, 
produce a flame of as intense heat as human art can 
excite.— wJmo^. 

Why are other bodies, as a stone, or brick, termed tii- 
comhustibU 9 

Because, when heated, they undergo no change ex- 
cept an augmentation of temperature, and when left 
to themselves, they soon cool again, and become as at 
first But, with combustible bodies, the case is very 
different When heated to a certain degree in the 
open air, they suddenly become much hotter of them- 
selves, and continue for a considerable time intensely 
hot, sending out a copious stream of coloric and light 
to the surrounding bodies. This emission, after a cer- 
tain period, begins to diminifth, and at last ceases al- 
together. The combustible body has now undergone 
a complete change, — it is converted into a substance 
possessing very di^rent properties, and no longer ca- 
pable of combustion. — Thomson. 

Again; of substancelfi burning in air, those which 
are originally aeriform, as eoal gas, or which, on being 
heated are vapourised or rendered aeriform, before 
their union with the oxygen of the atmosphere takes 
place, as oil or wax, assume the appearance of flame; 
viz. the aeriform particles usually invisible, are rais- 
ed to the incandescent temperature; but when ^e 
substance combining widi the oxyg^ remains solid, 
while its particles are gradually iSied away b^ the 
QXfgeOi acting only at the surface of dieir mass, it ap- 
pears during the whole time only as a red-hot stona 
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The latter is the cfise of charcoal, coke, Welch stone, 
ooal, &c. while in the case of wood, common coal, &c 
a greater or less portion of the inflammable matter, is, 
by the heat of the combustion, converted into vapour, 
and produces the beautiful appearance of flame. 

Men, now grown famihar with prodigies, have al- 
most ceased to be moved by them ; but few persons 
can resist a feeling of wonder and admiration when 
chemistry, in its progress of discovery, every now and 
then calls forth the hidden spirit of combustion in 
some new or less familiar guise ; — ^for instance, when 
a piece of iron wire, hghted as a taper in OTcygen 
gas, bums with such resplendent brilliancy ; Or, when 
phosphorus, similarly placed, throws around its over- 
powering flood of flame ; or, when small portions of 
the metfu called potassium, being cast upon the sur- 
face of water, become as beads of most intense light, 
running about there, and crossing as in a merry dance ; 
— or, lastly, when 'flames produced from particular 
substances are seen rising deep-tinged with most vivid 
and beautiful colours. — Amott. 

Why does a common fire smoke f 

Because of the vapour of the water from the mois- 
ture of the fuel ; and the carburetted hydrogen and 
bituminous substances, formed during combustion by 
the union of the hydrogen of the combustible with 
the oxygen of the atmosphere. 

fVky does a draught support a fire f 

Because it flows towards the fire-place, to occupy 
the vacancy left by the air that has undergone decom- 
position, and which, in its turn, becomes decomposed 
also. Hence, a supply of caloric is furnished without 
intermission, till the whole of die combustible is satu- 
rated with oxygen.—- Por^. 

ffhy do not co<d9i woody 8fe. being ambusttbks, iake 
fire on exposure totheair^ 

Because all such bodies require to have a certain 
preparatory temperature before beginning to combing 
with the oxygen of the atmosphere. 
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fFhy is heat produced by combustion f 

Because of the decomposition of the oxygen gas 
of the atmosphere ; for, as the oxygen combines with 
the combustible body, it disengages the caloric which 
is held when in the state of a gaseous substance. Or, 
to speak with more precifflon, the act of combustion 
effects a real analysis of atmospheric air ; for while 
the oxysen combines with the combustible, the caloric, 
in the lorm of sensible heat, is thrown off in every 
direction. — Parkes* 

Why do lamps with many wicks, placed near each 
other, give much more light than the same number of 
wicks toouH if placed in separate lamps ? 

Because tibe nght given out by a comb^^ble body 
IS in proportion to the elevation of temperature ; and 
in this case the many wicks communicate heat to each 
other. 

Why is oxygen a powerfhd supporter of combustion ? 

Because it is more abundantly diffused throughout 
nature than any of the other elementary bodies; it 
forms ei^ht-nlnths.of the weight of water, about one- 
fifth of the weight of the atmosphere, and a relative 
proportion of the earthy and mineral bodies which 
form the solid matter of the globe. Hence, it is pre- 
sent everjrwhere, and ready to unite itself with any 
matter exposed to it at the necessary temperature. 

Why is oxygen gas called vital air ? 

Because it is a powerful supporter of respiration. 
Thus, a small animal confined in oxygen gas, lives 
thrice as long as when confined in the same bulk of 
common air ; but we are not thence to conclude that 
it is fit for the su^^ort of life ; on the contrary, an ani- 
mal made to breathe oxygen for any length of time, 
falls a sacrifice to excess of arterial action ; and afler 
death, the blood in the veins is found as florid as that 
in the arteries. — Brande, 

o2 
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Why 18 it considered that oxygen unites with the eomr 
hustHfte body in the act ofhwmvng9 
Because, if a substance be burnt in a sufficient 

Quantity of oxygen gas, in a close vessel, and the ppo- 
uct preserved, the whole will be found to be increas- 
ed in weight exactiy in proportion to the oxygen gaa 
consumed, and the combustible body will then have 
become incombustible. — Parkes, 

Fourcroy observes, " this view of combustion autho- 
rises us to divide almost all the productions of nature 
into two grand classes; one of combustible bodies, 
the other of bodies already burnt ; in the masses and 
action of the former we discern the causes of inflam- 
mable meteors, the perpetual alteration of the surface 
of the earth, volcanoes, &c. In the existence of the 
latter we perceive the source of the number and diver- 
si^ of acids, saline compounds, oxides, and metallic 
salts, which vary in a thousand ways the appearance 
of ores, &c." 

Why is not a goblet^ when pushed inio water with. the 
fnovih doumwards, JQled with wetter f 

Because the air in the goblet resists the entrance 
of the water; and, if the goblet be inverted over a 
floating lighted taper, this will continue to float under 
it, and to bum in the contained air, however deep in 
the water it be carriecl, exhibiting the curious phe- 
nomenon of a light below water, and itself an emblem 
of the living inmate of a diving bell, which is merelv 
a larger goblet, with a man instead of a candle.--^ 
Amott, 

Why is the name JUel given only to the substances 
which eofkbine with oxygen, and not to the oxygen it- 
selff 9 

Because, probably, tlie former beulg solid or liquid, 
and therefore more obvious to sense, were known as 
producers of combustion lon^ before the existence of 
the aeriform ingredient was even suspected. — *imott. 
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f91iy does a ccmdle or lamp smoke f 

Because the heat produced by it is not sufficient to 
effect the total combustion of the carbon, which rise» 
in its flame. — JimxtU, 

SPONTANEOUS COMBUSTION. 

Why are human bodies sometmes destroyed by spon- 
Umieous combustion ? 

Because of a new arrangement of the muscles, ten^ 
dons, viscera, &c. ; or new products originating from 
their degeneration. 

Numerous Instances of this mortal catastrophe are 
recorded. M. Julia de Fontenelle, in a paper lately 
read to the Academy of Sciences at Paris, describe 
fifteen cases, from the details of which the following 
general results are obtained : — 

1. Grenerally those who hare died b^;epontaneous 
combustion, have indulged in ezcesiS of B{)irituous 
liquors. 3. The combustion is ahnost always general, 
but in some cases it may be pairtia]. 3. It is rare 
amongst men; and the women nave in almost eveiff 
case CKBen aged. 4. The body and the viscera have 
always been burnt, whilst the feet, hands, ^d crown 
of the head have almost always been saved. 5. Al- 
though it is known by experience that a very large 
quantity of wood is requisite to bum a corpse, this 
particular kind of incineration occurs without inflam- 
mg the niost combustible substances of an ordinary 
kind nea| it. 6. It has not been shown, in any case, 
that the presence of fire is necessary to ^^ commence 
this kind of combustion. 7. Water, instead of extin- 
guishing the flame, appears to give it more activity; 
and when die flame has disappeared, the combustion 
proceeas within. 8. Thev occur more frequentiy in 
winter than in summer. 9. The cure of general com- 
bustions has never been effected ; but sometimes that 
of partial ones. 10. Those seized with combustion 
experience a sensation of strong internal heat 11. It 

a 3 
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is middenly developed, and consumes the body in a 
few hours. 112. Those parts not reached by the fire, 
are a^cted by gangrene. 13. A putrid degeneration 
ensues, which causes gangrene. 14 The residue of 
this combustion is composed of greasy cinders, and an 
unctuous matter. 

Psofessor Jameson observes, in substance, upon this 
interesting question : *^ we are of opinion that, in some 
subjects, and chiefly in women, there exists a general 
condition of the body, which, conjoined with the ex- 
treme debility occasioned by age, a life of little acti- 
vity, and the abuse of spirituous liquors, may jrive rise 
to a spontaneous combustion. But we are rar Grom 
considering as the material cause of this combustion, 
either alcohol, or hydrogen,^r a superabundance of 
fiit If alcohol plays a prominent part in this com- 
bustion, it is by contributing to its production: that 
is to say, it produces, along with the other causes men- 
tioned, the deffeneration of which we have spoken, 
which ^ves nse to new products of a highly com- 
bustible nature, the reaction of which determines ^e 
combustion of the body." 

A curiohs case of the combustion of both hands only, 
in which the patient recovered, is related in the Medi- 
cal Joumaly 1830. 

CHARCOAL. 

Why do variotts woods qffhrd different quantities of 
charcoal $ ^ 

Because of th^ difTerent durability ; those most 
abundant in charcoal and earthy matter are the most 
()ermanent ; while those that contain the largest por- 
tion of the gaseous elements are the most perishable. 
Among British trees, tlie chestnut and oak %re the 
most permanent, and the chestnut affords rather more 
charcoal than the oak. 

The beams of the theatre at Herculaneum were 
oonverted into charcoal by the lava which overflowed 
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UMt city ; and duriag the lapse of Beyenteen hundred 
years the charcoal has remained as entire as if it had 
been formed but jesterday ; and it will prcrfiidtrfy con- 
tinue so to the end of the world. The incomiptibilitj 
of charcoal was known in the most ancient times : the 
fiunous temple at Ephesus was buih upon wooden 
piles, which have been charred on the outside^ to pre- 
serve them. — Wataon^s Chemicdl Essays, 

A new process for manu&cturing charcoal, is to fill 
all the interstices in the heap of wood to be charred, 
with powdered charcoal ; the product is equal in qual- 
ity; The effect is produced by preventing much of 
the access of air which occurs in the ordinaiy method. 
The volume of charcoal is increased a tenth, and its 
weight a tenth. — BuUdtin Umversd^ 1830, 
J , ProfesBor SiUiman, in his Journal, (1830) says, that 
in the United States, wood is charred in brick-kilng, 
with openings at the top and sides, under regulation ; 
and the charcoal thus obtained is exceedingly good, 
and more abundant than by the old mode of burning. 

Wood has also been charred at low temperatures* 
Thus, on making extracts, in wooden vessels, with 
steam of very moderate pressure, all the apparent 
effects of burning ma^ be produced ; but the carbcmi- 
zation of the wood is not so complete as by flame. 
This fact is practically illustrated in the Philosophical 
Magazine^ 1830. 

The application of charcoal to various pulses of 
domestic economy has been already noticed in Part 1 
of the present work.* 

Why does heated charcoal produso combustion f 

Because the mutual cohesion of its particles is so 

weakened, that is, the particles are so repelled and 

separated from each other, that their attraction for the 

oxygen in the air around is allowed to operand and 

* S«e DoMamo flciaivoB, p. 6. 
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they OQittlnne with that oxygen, so as to produce the 
above phenomenon. 

Why does charcoal incrtast in tDcight on exposure io 
the air cffter frtirmng'? 

Because k is a very hygrometric substance, and 
therefore absorbs air and moisture in considerable 
quantity. — Brande, 

Why do sailors at sea throw pieces of burnt btscuU in 
badtoaterf 

fiecause it serves as charcoal in destroying the 
putrid flavour of the water, and rendering it compa- 
ratively £resh» 

Why does fresh charred wood^ or charcoal, impruve 
iheflavow ojf^ spirits ? 

fiecause it destroys the essential oil, or en^yreu- 
matic flavour which the spirit may have contracted in 
distillation. 

«UNPOWn£R. 

Why do mixed viJtre, sulphur , and charcoal, or gun- 
potoder, explode mlh heat; whereas, while cold, they 
may be mixed together most intimMely without any 
ehangef 

Because, by the change of temperature, and the 
consequently altered relative attractions of the differ- 
ent substances, a new chemical arrangement of them 
takes place with the intense combustion and expansion 
which constitute the explosion. 

The proportions of the ingredients of gunpowder 
vary. The following are those usually employed — 

Common Shooting Shooting Miners 

Powder. Powder. Powder. Powder. 

Saltpetre 75.0 78 76 65 

Charcoal 13.5 13 15 15 

Snlpbnr 13.5 10 9 90 

The latter contains the smallest quantity of saltoetre, 
as it reqiures less quickness or strength. The ingre- 
dienti are perfectly mixed, moistened, beaten into a 
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cake, which is afterwards broken up, granulated, 
dried, and for the finest powder, polished by attrition. 
— Brande, 

Why %8 iron excluded from potvder works ? 

Because it is liable to cause sparks by a blow. Brass 
alid copper have been recommended in its place ; but 
Col. Aubert has remarked that brass can inflame pow- 
der, and has made e^Epeiiments on the subject before 
a committee, the result of which is as follows : — ^In- 
flammation of the powder takes place when the blow 
is given by iron against iron ; iron against brass ; Israss 
against brass : iron against marble ; lead against lead, 
or against wood, when the blow is produced by a 
leaden ball shot from a fire-arm. As yet, powder has 
not been inflamed by the blow of an iron hammer 
against lead or wood. — BuUetin UniverseL 

Why is steam likdv to supersede gw^powder in the 
Hscharge ofartUlery f 

Because the elastic force of high-pressure steam 
having much greater range than £at of gunpowder, 
is inmiitely better .calculated fi)r projectile^ indepen- 
dently 9f any saving of expehse. It is estimated by 
Mr. Perkins, that the projectile Ibrce of steam is ten 
times greater than tiiat of gunpowder, in throwing a 
ball to. a given distancfe* > 

Why do ^Promdheans^ wddetdy iiiflame on preS' 
suref -- 

Because they coneost of small glass bulbs, filled with 
concentrated sulphuric acid, hermetically seaUf and 
surrounded with a mixture oi inflammable materials, 
amonsBt whkh die chlorate of potash forms one ; and 
the ii^ole being again inclosed or auirounded with 
paper, also rendered stUi in$ire inflammable by meaEis 
of resinous matters. Upon pinch^g. the end contain- 
ing the glass bulb, between the jaws of a pair of pliers^ 
the bulb breaks, and the sulphuric acid mstantly kin- 
dles the surrounding materials. 
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VOLCANIC PIRE. 

Why are volcanoes prodtu:edf 

Because, according to the most recently observed 
phenomena, they '* depend upon the 02ddation of^ the 
metals of the earths upon an extensive scale, in im- 
mense subterranean cavities, to which water or atmos- 
pheric air may occasionally have access. The sub- 
terranean thunder heard at great distances under 
Vesuvius, prior to an eruption, indicates the vast 
extent of these cavities ; and the existence of a suh^ 
terranean communication between the Solfatarra and 
Vesuvius, IS established by the fact that whenever the 
latter is in an active state, the former is compamtively 
tranquiL In confirmation of these views, the author 
remarks, that almost all the volcanoes of considerable 
magnitude in the old world, are in the vicinity of the 
sea ; and in those where the sea is more distant, as in 
the volcanoes of South America, the water may be 
supplied from great subterranean lakes ; for Humboldt 
Mates that some of them throw up quantities of fish." 

The phenom^ia observed by the author afford a 
sufficient refutation of all the ancient hypotheses, in 
which volcanic fires were ascribed to such chemical 
causes as the combustion of mineral coal, or the ac- 
tion of sulphur upon iron ; and are perfectiy consistent. 
The author acknowledges, however, that the hypothe- 
sis of the nucleus of the globe being composed of 
matter liquified by heat, ^ers a sml more simple 
solution of the phenomena of volcanic fires. — Sir IL 
JDavify PhUoiopkical TranaactwM, 

On these phenomena. Baron Humboldt says, ^ Ob- 
servations made in all countries, in imnes and caves, 
prove that, even at a small depth, the earth's heat is 
much superior to the temperature of the surroun^ng 
atmo^here. A fiict so remarkable, and elicited fix)m 
obBervstions oiade in almost every part of the globe, 
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connects itself with what we learn of the phenomena 
of volcanoes. La Place has even attempted to deter- 
mine the depth at which the earth may be considered 
as a melted mass. Whatever doubts may be enter- 
tained, notwithstanding the respect due to bo great a 
name, as to the numerical accuracy of such a calcu- 
lation, it is not the less probable, that all volcanic phe- 
nomena arise from a sLogle cause, which is the com- 
munication constant or interrupted, that exists between 
the Interior of our planet and tne external atmosphere. 
Elastic vapours, by their pressure, raise throufffa deep 
crevices the substances which are in a state of fusion, 
and which are oxidized. Volcanoes are, so to speak, 
entermittent springs of earthy matters. The fluid mix- 
tures of metaiB, aucalies and earths, which condense 
into currents of lava, flow gently and slowiy, when^on 
being reused up, they once find an issue. 

Why does water appear necessary to produce voUamc 
fire'^ 

Because the most active volcanoes are in the imme- 
diate vicinity of the sea ; some are actually beneath 
the sea 3 and only extmct volcanoes are found far in- 
land. 

Why are earthquakes and volcanoes supposed tohtff 
ihe same origin f 

Because of the fl^uency of earthquakes in volcanic 
countries ; and when they occur in non-volcaaie coun- 
tries, remote firom volcanic flres^ or their occurrence, 
the coincidence of distant volcanic eruptions. It is 
a remarkable circumstance, also, that the shodcs of 
earthquakes are most severe in non-volcanic countries, 
such as LisboQ and the Caraccas. — ^oks in Science. 

Why do hot springs oecvr in Ae very vieinUy-of all 
active volcanoes ? 

Because, probably, such waters owe their temperor 
ture to their passa^ through channels heated by vol- 
canic &ce. — Berzdtus. 
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Wb^ do vokanoes ^/PtnooiutfwnicesUmef 
Because the light-KMylouredy or whitish porous lavas^ 

becoming fibrouSi pass into tbe above nght spongy 

stone. 

Whf u mmnuse tione somtHmes seen JloaHng tm the 



Because it is produced by submarine volcanoes, that 
break out at such vast depths under the ocean, that 
none of their prodiiets reach the surface, except such 
as are lighter than water. Pumice has been seen 
floating upon the sea over a space of three hundred 
xnOes, at a great distance from any volcano. 

• Whf iBptazokmo used for hvMdwg in wakr^ 

Because, when mixed with lime, it speedily Axes 
itself, and the water does not so^n it, for it becomes 
ecmtinually harder and harder. The lime feund abuiH 
dantly at Dorking, in Surrey, has a similar property 
of hardening und^ water. 
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THE DIAMOND. 

Wky is carbon knoum hy (be naaiea of diamond and 
eharcoalf 

Because the tyro latter substances, although so di& 
ferent, and ahnost oppnosite, in physical characters, are, 
according to unexceptionable experiments, almost che- 
mically the same. ^ 

That diamond is simple carbon, is shown by the 
following experiment M. Morveau exposed a dia- 
mond to intense heat, shut up in a small cavity in a 
piece of tough iron. When ne opened the cavity, he 
»>lind the diamond entirely gone, and the iron around 
it converted into steel.- This shows that it is pure car- 
bon, which combines with iron to form steel, and not 
charcoal, which is generaUy an oxide of carbon. , The 
peculiar hardness of steel is to be ascribed to its union 
with a portion of pure carbon, or diamond. It is no 
uncommon thing for jewellers to expose such diamonds 
as are foul, to a strong heat, imbedded in charcoal, to 
render them clear ; but, in this process, great care is 
taken to have a sufficient quantity of charcoal, to ex- 
clude the atmospheric air : otherwise, the intense heat 
would produce combustion. — Parkes, 

h2 
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Why \8 charcoal more irfiammahh than the diamond 9 
Because of the looseness of its texture, and the 
hydrogen it contains. The latter is indeed the only 
chemical difference perceptible between diamond and 
the purest charcoal : but Dr. Ure asks, " can a quan- 
tity of an element, (hydrogen) less, in some cases, than 
l-50,000th part of the weight of the substance, occa- 
sion so great a difference in physical and chemical 
characters?" In the Philosophical Th-ansactions for 
1797, is related Mr. Smithson Tennant's process for 
proving the identity of these two substances: he says, 
" It wiU appear, from experiments, that the diamond 
consists entirely of charcoal, differing from the usual 
state of that substance only by its crystallized form," — 
and Dr. Ure thinks this opinion to be correct. 

The identity of charcoal and diamond is fruther il- 
lustrated in tne following experiment. Sir Humphry 
Davy exposed charcoal to intense ignition, in vcumo, 
and m condensed azote, by means of Mr. Children's 
magnificent battery, when it slowly volatilized, and 
gave out a little hydrogen. The remaining was always 
much harder than before, and in one case, so hard as 
to scratch glass, while its lustre was increased. This 
fine experiment may be regarded as a near approach 
to the production of diamond; and we believe that sim- 
ilar experiments of French chemists have been equally 
successful. ' 

fFhy did JSTewton ir^er (hat the diamond was ir^m" 
mable7 

Because of the circumstance, that inflammable sub- 
stances refract light in a greater ratio than that of their 
densities. We readily acquiesce in Mr. Parkes's note : 
" It is wonderful that Newton, who had no chemical 
means of examining the diamond, should have con- 
ceived the id^ of its inflammable nature." 

It is not evident to whom the combustibility of the 
diamond first occurred ; but, in the year 1694, the 
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Florentine Academicians proved its destnictibility by 
heat, by means of a burning lens. The products of its 
combustion were first examined by Lavoisier, in 1772, 
and subsequently, with more precision, by Guyton 
Morveau, in 1785. Mr. Tennant's experiments, just 
referred to, demonstrated the important fact, that when 
eq[ual weights of diamond and pure charcoal were sub- 
mitted to the action of red-hot nitre, the results, in both 
cases, were the same ; and, in 1807, the combustion of 
the diamond in piu*e oxygen, was found by Messrs. 
Allen and Pepys, to be attended with precisely the 
same results as the combustion of pure charcoal. Hence, 
observes Brande, the inevitable inference, that charcoal 
and the diamond are similar substances in their che- 
mical nature, difiTerinff only in mechanical texture. 

The Combustion of the diamond may be most con- 
veniently and perfectly effected, by placing it upon a 
platinum capsule, in a jar of pure oxygen, inverted 
over mercury, and throwmg upon it the ibcus of a burn- 
ing lens. Su" Humphry Davy, when at Florence, in 
1814, iPhU. TVcms.) used for this purpose the same 
lens which was employed in the first tri«js on the action 
of solar heat on the diamond, instituted by Cosmo III, 
Grand Duke of Tuscany ; he found, that when strongly 
i^ited by the lens in a thin capsule of platinum, per- 
rorated with many orifices, so as to admit a firee circu- 
lation of air, the diamond continued to bum in the 
oxygen, after being withdrawn from the focus, with so 
brilliant a light as to be visible in the brightest sun- 
shine, and with very intense heat. The results of these 
experiments demonstrate, that diamond affords no 
other substance by its combustion than pure carbonic 
acid gas ; and that the process is merely a solution of 
diamond in oxygen, widioutany change in the volume 
of the gas. It likewise appears, that, in the combtts- 
tion of the different kinds of charcoal, water is pro- 
duced ; and that, firom, the diminution of the volume 
of the oxygen, there is every reason to believe, that the 
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water is formed by the combustion of the hydrogen 
existiDg in strongly ignited charcoal. 

Why is part carbon^ or dianvond^ so scarce, wkU^ its 
eotnpounds, in different states, are so abundantly dis- 
persed'^ 

Because, (observes an eminent chemist*) " the won- 
der consists only in the opposition between facts and 
our opinions ; it disappears m proportion as we discover 
and appropriate the powers of nature to produce the 
same effects. To dispel the astonishment of those who 
might consider this a ground of distrust, I shall remind 
them that aluminous earth is likewise one of the com- 
monest substances, though the adamantine spar, no 
less rare than the diamond, is nevertheless alumina ; 
that iron exists every where, under every form, except 
in the state of purity ; and that the existence of native 
iron is still doubtfol." Since the preceding observations 
were written, native iron is stated to have been found 
in Canaan, in the United States of America. 

Diamonds are usuallj found in an ochreous, yellow 
earth, under rocks of gnt-stone ; they are likewise found 
detached, in torrents, which have carried the'm firom 
their beds. They have no brilliancy when dug out of 
the earth, but are covered with an earthy crust. The 
diamond was first discovered in Asia, in the provinces 
of Grolconda and VisapoClr, in Bengal, and in the island 
of Borneo. About the year 1720, diamonds were first 
found in Brazil ; and a minute account of their dis^' 
covery will be found in a volume of travels in that 
country, by the late Mr. Mawe, one of the most distin- 
guished mineralogists of his time. 

The primitive form of the diamond is the regular 
octoedron, each triangular facet of which is sometimes 
replaced by six secondary triangles, bounded by curved 
lines ; so diat the ciystal becomes spheroidal, and pre- 
sents forty-eight focets. Diamonds with twelve and 
twenty-four focets, are not uncommon. 

Ti- III ■ — " — ■ ' - ^ - - ^^ - ■ 1^- \ a-rr^~^m- ' 

* Dr. John Thomson, notes (n Fowreto^* 
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Whf WOB ii Bwppostd that Une diamond tn^^ contain 
oxygen'^ 

"Secause of its hk[h refractive power. Such was 
the idea of MM. Hiot and Arrago. According to 
Biot, if the elements of which a substance is composed, 
be known, dieir proportions may be calculated with 
the greatest accuracy, from their refractive powers. 
Thus, he finds that the diamond cannot be pure car- 
bon, l)ut requires, at least, one-fourth of hydrogen, 
which has the greatest refi-active power of any sub- 
jstance, to make its refraction commensurate to its den- 
sity. Sir Humphry Davy, from the action of potassium 
on. it, and its non-conduction of electricity, suggested, 
in his third Bakerian lecture, that a minute portion of 
oxygen might exist in it ; and he threw out the idea, 
that it might be the carbonaceous principle, combined 
with some new, light, and subtle element, of the oxy- 
genous and chlorine class. — Urt. 

Why has the diamond so great lustre ? 

Because it reflects all the li^ht &lling on its poste- 
rior sur&ce at an angle of mcid^nce greater than 
24'=' 13 . Artificial gems reflect half of this light 

The base of all artificial stones is a paste composed 
of silex, potash, borax, oxide of lead, and sometimes 
arsenic. The best silex is obtained from rock crystal, 
and the next best fi*om .white sand, or flint. 

Why are diamonds uaedf&r the lenses of microscopes f 
Because they show us the real object, without any 
sensible aberration, like that produced by glass lenses. 
This arises ^vti the enormous refiractive power pos- 
sessed by ihe diamond, and the consequent increase of 
amplification, with very shallow curves. 'Again, the 
refraction of diamond is nearly three times that of 

gass ; hence, in equal refi'actions, its diE^rsion will 
i only one-third of the latter. 

We have elsewhere* noticed the cutting properties 

I ■ . . .11 ■ '■ I -I — - 1- i i_ ■»■» 

. * Bee Pabt X. Jtrta and Manuifitotmres, p. SB. 
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of the diamond. Dr. WoUaston, in the PhUoiophiad 
TVansactums, has clearly shown that it is only in the 
natural state that diamond can be depended upon to 
cut or divide panes of floss ; and even then, a partic- 
ular crystallization is ahsolutelv necessary. The dia- 
mond has also been employed in ornamenting steel. 
Thus, Mr. John Barton, of the Royal Mint, has pro- 
duced the most beautiful display of prismatic colours, 
bjr divisions, 2000 in an inch, the lines being made 
with a natural diamond. It would be impossible to 
convey the smallest idea of the exquisite beauty and 
play of colours that are produced by these means. 

ffhy is the sapphire used for the lenses of miera-' 
scopesf 

Because, after the diamond, it possesses a stronger 
refraction than any other substance, capable of giving 
a single image, while its dispersive power is very low. 
The faint blue tinge of the sapphire is not felt in thin 
small lenses formed of this substance, which thus comes 
next in order to diamond ones, and^rms an excellent 
substitute for the use of those persons unable to afford 
the expense of the latter. 

Why is the volume of a brUliant-cut diamond esteemed 
equal to that of a similar rough diamond nf ttffice the 
wewht, exclusive of the cost of workmanship f 

Because, by cutting and polishing, but especially 
by the former, so much is taken away, that the weight 
of the polished gem does not exceed half that of the 
rough stone. The art of cutting and polishing din- 
monds, though probably of remote antiquity in Asia, 
was first introduced into Europe by Louis Berghen, of 
Bruges, who accidentally discovered* that, by rubbing 
two diamonds together, a new facet was produced. 

The weight, and therefore, the value, of diamonds, 
m estimated in earatSj 150 of which are about equal to 
1 oz. troy, or 480 grs. They are divided into nalve% 
quarters, or carat grains, eighth, sixteenth, and thir^^ 
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0eo(md parts. The difference of value between one 
diamona and another, is, generally speaking, as the 
squares of their respective weights : thus, the value of 
three diamonds, of one, two, and three carats' weight, 
respectively, is as one, four, and nine. The average 
price of rough diamonds is estimated at 2L per carat ; 
and consequently, when ifnrought, the cost of the first 
carat, exclusive of workmanship, will he 8^., which is 
the value of a rough diamond of two carats. 

£ 

A wrought dianumd of 3 carats la worth 73 

4 196 

5 900 

10 800 

SO 3,900 • 

30 7,900 

40 19,800 

50 90,000 

60 98,800 

- 100 80,000 

This mode of valuation, however, only applies to 
small diaiponds, in consequence of the difficulty of 
finding purchasers fi>r the larger one& 

Why are diamonds called maU and female ? 

Because a hard and soft stone are often united in the 
same gem ; the hard stone being called by diamond 
cutters a A«, and the soft one, a she. 

Why is a diamond said to he of the first waterf 

Because it is perfectly transparent and pure. The 
snow-white diamond is most highly prized oy the jew- 
eller. Diamonds have, however, been found nearly of 
all colours : next to the colourless, in esteem, are those 
of a decided red, blue, or green tint. Black diamonds 
are extremely rare ; those which are slightly brown, or 
tinged only with other colours, are least valuable. 

The largest known diamond is probalHy that men- 
tioned by Tavemier, in the possessioii of the Great 
Mogul. Its size is about that of half a hen's egg ; is 
cut in the rose fbnn, and when rough, is said to have 
weighed 900 carata It was found in Golconda, about 



!3 wnowutLaa fok the fioflk 

Wiji do vtlecmoea Bma otitpttmieeitimet 
Because tbe light-coloured, or whitish parous hvu^ 
bec<»aiiig filwoiu, pom into ibe above light Kpaagf 

ffkg it fumut ttoae tomdivKt wen Jloattng on the 

BecauB* it is produeod by mbmBrine volcanoee, that 
bmak out at such vast depths under the ocean, that 
none of their prodnels re^h the suc&ce, except such 
«B are fighter than water. Pumice has been seen 
floating upon the sea orer a space of three hundred 
jnlles, ul a grvat ilistunce i'roiii any vuk-uiio. 

ffky ia pu^olano usfdjar buHdiiig in lEolfr ? 

Because, wlieti rnixi'cl with liine, it speedily fi-iea 
itaelt^ and the water doea not eottou it, ibr it bccoznes 
coDUnually harder and harder. The liine found abun- 
daotly ut Dorking, in Surrey, has a. Bimitar property 
of hardening under water. 
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POPULAR CHEMISTRY. 



ConJtmiudJron^ PaH V. 



THE DIAMOND. 

Whf is carbon knoum hy ike names qf diamond and 
charcoal f 

l^cause the two latter substances, although so di& 
ferent, and almost opposite, m physical characters, are, 
according to unexceptionable experiments, almost che- 
micaUy the same. ^ 

That diamond is simple carbon, is shown by the 
following experiment. M. Monreau exposed a dia- 
mond to intense heat, shut up in a small cavity^ in a 
piece of tough iron. When he opened the cavity, he 
n>imd the diamond entirely gone, and the iron around 
it converted into steel.- This shows that it is pure car- 
bon, which combines with iron to form steel, and not 
charcoal, which is generally an oxide of carbon. , The 
peculiar hardness of steel is to be ascribed to its union 
with a portion of pure carbon, or diamond. It is no 
uncommon thing for jewellers to expose such diamonds 
as are foul, to a strong heat, imbedded in charcoal, to 
render them clear ; but, in this process, great care is 
taken to have a sufficient quantity of charcoal, to ex- 
clude the atmospheric air : otherwise, the intense heat 
would produce combustion. — Partus. 

H 2 
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Why is charcoal more ir^mmable than the dtamondf 

Because of the looseness of its texture, and the 
hydrogen it contains. The latter is indeed the only 
chemical difference perceptible between diamond and 
the purest charcoal : but Dr. Ure asks, " can a quan- 
tity of an element, (hydrogen) less, in some cases, than 
l-50,000th part of me weight of the substance, occa- 
sion so great a difference in physical and chemical 
che^cters?'' In the Philosophical Transactions for 
1797, is related Mr. Smithson Tennanfs process for 
proving the identity of these two substances: he says, 
** It will appear, from experiments, that the diamond 
consists entirely of charcoal, differing from the usual 
state of that substance only by its crystallized form," — 
and Dr. Ure thinks this opinion to be correct 

The identiU^ of charcoal and diamond is further il- 
lustrated in the following experiment. Sir Humphry 
Davy exposed charcoal to intei^SQ ignition, in vaxmo, 
and m condensed azote, by means of Mr. Children's 
magnificent battery, when it slowly volatilized, and 
gave out a little hyorogen. The remaining was always 
much harder than berore, and in one case, so hard as 
to scratch glass, while its lustre was increased. This 
fine experiment may be regarded as a near approach 
to the production of diamond; and we believe that sim- 
ilar experiments of French chemists have been equally 
successful. 

Why did J^ewton ir^fer that the diamond was ir^flam- 

Because of the circumstance, that inflammable sub- 
stances refract light in a greater ratio than that of their 
densities. We readily acquiesce in Mr. Parkes's note : 
"It is wonderful that Newton, who had no chemical 
means of examining the diamond, should have con- 
ceived the idea of its inflammable nature." 

It is not evident to whom the combustibility of the 
diamond first occurred ; but, in the year 16d4^ the 
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Florentine AcademicianB inroved its destructibility by 
heat, by means of a burning lens. The products of its 
combustion were first examined by Lavoisier, in 1772, 
and subsequently, with more precision, by Guyton 
Morveau, in 1785. Mr. Tennanfs experiments, just 
referred to, demonstrated the important fact, that when 
equal wei^ts of diamond and pure charcoal were sub- 
mitted to the action of red-hot nitre, the results, in both 
cases, were the same ; and, in 1807, the combustion of 
the diamond in pure oxygen, was found by Messrs. 
Allen and Pepys, to be attended with precisely the 
same results as the combustion of pure charcoid. Hence, 
observes Brande, the inevitable inference, that charcoal 
and the diamond are similar substances in their che- 
mical nature, diffennff only in mechanical texture. 

The Combustion oi the diamond may be most con- 
veniently and periecdy efiected, by placing it upon a 
platinum capsule, in a jar of pure oxygen, inverted 
over mercury, and tlu'owing upon it the k>cus of a burn- 
ing lens. Sur Humphry Davy, when at Florence, in 
1814, iPhU, Trans,^ used for this purpose the same 
lens which was employed in the first trials on the action 
of solar heat on the diamond, instituted by Cosmo III, 
Grand Duke of Tuscany ; he found, that when strongly 
i^ited by the lens in a thin capsule of platinum, per- 
forated with many orifices, so as to admit a firee circu- 
lation of air, the diamond continued to bum in the 
oxygen, after being withdrawn from the focus, with so 
brilhant a light as to be visible in the brightest sun- 
shine, and with very intense heat. The results of these 
experiments demonstrate, that diamond affords no 
other substance by its combustion than pure carbonic 
acid gas ; and that the process is merely a solution of 
diamond in oxygen, wiuiout any change in the volume 
of the gas. It IBcewise appears, that^ in the combus- 
tion of the different kinds of charcoal, water is pro- 
duced ; and that, fi^m. the diminution of the volume 
of the oxygen, there is every reason to believe, that the 

ad 
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water is formed by the combustion of the hydrogen 
existing in strongly ignited charcoal. 

Why is pure carbon, or dianwndy so scarce, wkU^ its 
compounds, in different stales, are so abundantly dis- 
persed f 

Because, (observes an eminent chemist*) " the won- 
der consists only in the opposition between facts and 
our opinions ; it disappears m proportion as we discover 
and appropriate the powers of nature to produce the 
flame enects. To dispel the astonishment of those who 
might consider this a ground of distrust, I shall remind 
diem that aluminous earth is likewise one of the com- 
monest substances, though the adamantine spar, no 
less rare than the diamond, is nevertheless alumina ; 
that iron exists every where, under every form, except 
in the state of purity ; and that the existence of native 
iron is still doubtfuL" Since the preceding observations 
were vmtten, native iron is stated to have been found 
in Canaan, in the United States of America. 

Diamonds are usually found in an ochreous, yellow 
earth, under rocks of gnt-stone ; they are likewise found 
detached, in torrents, which have carried them from 
their beds. They have no brilliancy when dug out of 
the earth, but are covered with an earthy crust. The 
diamond was first discovered in Asia, in the provinces 
of Golconda and Visapottr, in Bengal, and in the island 
of Borneo. About the year 1720, diamonds were first 
found in Brazil ; and a minute account of their dis^' 
covery will be found in a volume of travels in that 
country, by the late Mr. Mawe, one of the most distin- 
guished mineraloffists of his time. 

The primitive form of the diamond is the regular 
octoedron, each triangular &cet of which is sometimes 
replaced by six secondary triangles, bounded by curved 
lines ; so that the crystal becomes spheroidal, and pre- 
sents forty-eight fiicets. Diamonds with twelve and 
twenty-four meets, are not uncommon. 

* Dr. John ThomsoBi notM oa Fomttcji, 
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Wk^ WOB ii supposed ikat ike diamond mighi eoniam 
cxygenf 

Because of its high refractive power. Such was 
the idea of MM. Hiot and Arrago. According to 
Biot, if the elements of which a substance is composed, 
be known, their proportions may be calculated with 
the greatest accuracy, from their refractive powers. 
Thus, he finds that the diamond cannot be pure car- 
bon, but requires, at least, one-fourth of hydrogen, 
which has the greatest refi*active power of any sub- 
jstance, to make its refiraction commensurate to its den- 
sity. Sir Humphry Davy, from the action of potassium 
on it, and its non-conduction of electricity, suggested, 
in his third Bakerian lecture, that a minute portion of 
oxygen might exist in it ; and he threw out the idea, 
that it might be tLe carbonaceous principle, combined 
with some new, light, and subtle element, of the oxy- 
genous and chlorine class. — Ure. 

Why has the diamond so gnat lustre ? 

Because it reflects all the li^ht falling on its poste- 
rior sur&ce at an angle of incidence greater than 
24'=' 13'. Artificial gems reflect half of this light 

The base of all artificial stones is a paste composed 
of silex, potash, borax, oxide of l^ad, and sometimes 
arsenic. The best silex is obtained from rock crystal, 
and the next best from white sand, or flint. 

Why are diamonds used for the lenses of microscopes f 
Because they show us the real object, without any 
sensible aberration,, like that produced by glass lenses. 
This arises fron^ the enormous reflective power pos- 
sessed by ihe diamond, and the conse^ent increase of 
amplification, with very shallow curves. Again, the 
refraction of diamond is nearly three times that of 
class ; hence, in equal reflractions, its dispersion will 
be only one-diird of the latter. 

We have elsewhere* noticed the cutting properties 

- - "^ ■ -*- 

. * See Pabt X. Arts and Mamv^utureSy p. SH. 
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of the diamond. Dr. WoUaston, in the Philosophical 
Tranaactionaf has clearly shown that it is only m the 
natural state that diamond can be depended upon to 
cut or divide panes of glass ; and even then, a partic- 
ular crystallization is absolutelv necessary. The dia- 
mond has also been employed in ornamenting steel. 
Thus, Mr. John Barton, of the Royal Mint, has pro- 
duced the most beautiful display of prismatic colours, 
by divisions, 2000 in an inch, the lines being made 
with a natural diamond. It would be impossible to 
convey the smallest idea of the exquisite beauty and 
play of colours that are produced by these means. 

Why is the sapphire used for the lenses of micro-' 
sccmesf 

because, after the diamond, it possesses a stronger 
refraction than any other substance, capable of giving 
a single image, while its dispersive power is very low. 
The faint blue tinge of the ss4)phire is not felt in thin 
small lenses formed of this substance, which thus comes 
next in order to diamond ones, and^rms an excellent 
substitute for the use of those persons unable to afford 
the expense of the latter. 

fFhy is the valve of a brilliant-cut diamond esteemed 
eqml to that of a similar rough diamond ^ ttmce the 
weight, exclusive of the cost of ioorkmanshipT 

Because, by cutting and polishing, but especially 
by the former, so much is taken away, that the weight 
of the polished gem does not exceed half that of the 
rough stone. The art of cutting and polishing dia- 
monds, though probably of remote antiquity in Asia, 
was first introduced into Europe by Louis Berghen, of 
Bruges, who accidentally discovered, that, by rubbing 
two diamonds together, a new facet was produced. 

The weight, and therefore, the value, of diamonds, 
19 estimated in carats, 150 of which are about equal to 
1 oz. troy, or 480 grs. They are divided into halves 
quaiters, or carat grains, ei^tb, sixteenth, and thir^* 
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0eeond parts. The differeaoe of value between one 
diamona and another, is, generally speaking, as the 
squares of their respective weights : thus, the value of 
three diamonds, of one, two, and three carats' weight, 
respectively, is as one, four, and nine. The average 
price of rough diamonds is estimated at 22. per carat ; 
and consequently, when wrought, the cost of the first 
carat, exclusive of workmanslnp, will be 82., which is 
the value of a rough diamond of two carats. 

£ 

A wrought diamond of 3 carats ia worth 73 

4 126 

5 900 

10 800 

SO 3^00 

30 7,900 

40 12,800 

50 90,000 

, 60 98,800 

100 80,000 

This mode of valuation, however, only applies to 
small diaoionds, in consequence of the dijm(^ty of 
finding purchasers fi)r the larger one& 

Whf are diamonds called male andfemaief 
Because a hard and soft stone are often united in the 

same gem ; the hard stone being called by diamond 

cutters Skhe, and the sofi; one, a she. 

Why 19 a diamond said to he of^ the first water^ 
Because it is perfectly transparent and pure. The 
snow-white dkmiond is most highly prized oy the jew- 
eller. Diamonds have, however, been found nearly of 
all colours : next to the colourless, in esteem, are those 
of a decided red, blue, or green tint. Black diamonds 
are extremely rare ; those which are slightly brown, or 
tinged only with other colours, are least valuable. 

The largest known diamond is probalHy that men- 
tioned by Tavemier, in the possessioii of the Great 
Mogul. Its size is about that of half a hen's egg ; is 
cut in the rose fbnn, and when roughs is said to have 
weighed 900 carata It was found in Golconda, about 
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Wt^ do vcicanott Sitvw out pumice tbnut 
Because the ligbt-coloufed, or whitish paroun lan% 
becoming Sixows, pan iato the abore light qxmgjr 

ffhf M pumKt tfone aomtHma Ktnjtoatin^ on tA« 

Becauaa it is produced by mbnuiriiie Tolcanoeo, that 
t»«a]( out at Bucli vaM dqitha under tiie ocean, that 
none of their prodHcts reach the BUE&ce, except such 
as are lifhter than water. Pumice has been seen 
floating upon the sea over a Bpac« of three hundred 

II iiu i"i y.;.;,.j:!.j,. iKKfifar butidiiig in leaitr? 

Ufcaiiw, wl]..[] iiiixpil with lime, it apoedily ftsea 
itself, and the water does not sottnn it, for it bccomea 
coDiinually harder and hftrder. The liine found abun- 
rlanily at Dorking, in Surrey, lias a similar property 
of hardening under water. 
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POPULAR CHEMISTRY 



ConJtmxLtdfrcm Pad V, 



THE DIAMOND. 

Why 18 carbon known hy (he naniea of diamond and 
eharcoalf 

Because the t\sro latter substances, although so dif- 
ferent, and ahnost opposite, in physical characters, are, 
according to unexceptionable experiments, almost che- 
mically the same. ^ 

That diamond is simple carbon, is shown by the 
fbUowing experiment M. Monreau exposed a dia- 
mond to intense heat, shut up in a small cavity in a 
piece of tough iron. When he opened the cavity, he 
KHmd the diamond entirely gone, and the iron around 
it converted into steel.- This shows that it is pure car- 
bon, which combines with iron to form steel, and not 
charcoal, which is generally an oxide of carbon. , The 
peculiar hardness of steel is to be ascribed to its union 
with a portion of pure carbon, or diamond. It is no 
uncommon thing for jewellers to expose such diamonds 
as are foul, to a strong heat, imbedded in charcoal, to 
render them clear ; but, in this process, great care is 
taken to have a sufficient quantity of charcoal, to ex- 
clude the atmospheric air : otherwise, the intense heat 
would produce combustion. — Parkes. 

h2 
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Why 18 charcoal more inflammable than the diamond $ 
Because of the looseness of its texture, and the 
hydrogen it contains. The latter is indeed the only 
chemical difference perceptible between diamond and 
the purest charcoal : but Dr. Ure asks, " can a quan- 
tity of an element, (hydrogen) less, in some cases, than 
l-50,000th part of the weight of the substance, occa- 
sion so great a dijfTerence in physical and chemical 
cht^racters ? *' In the Philosophical Transactiona for 
1797, is related Mr. Smithson Tennant's process for 
proving the identity of these two substances: he says, 
** It will appear, from experiments, that the diamond 
consists entirely of charcoal, differing from the usual 
state of that substance only by its crystallized form,'* — 
and Dr. Ure thinks this opinion to be correct 

The identity of charcoal and diamond is further il- 
lustrated in the following experiment. ' Sir Humphry 
Davy exposed charcoal to intense ignition, in va/mo, 
and ni condensed azote, by means of Mr. Children's 
magnificent battery, when it slowly volatilized, and 
gave out a little hydrogen. The remaining was always 
much harder than before, and in one case, so hard as 
to scratch glass, while its lustre was increased. This 
fine experiment may be regarded as a near approach 
to the production ofdiamoiul; and we believe that sim- 
ilar experiments of French chemists have been equally 
successful. 

Why did N'ewlon ir\fer that the diamond was inflam- 
maJbiU^ 

Because of the circumstance, that inflammable sub- 
stances refract fight in a greater ratio than that of their 
densities. We readily acquiesce in Mr. Parkes^ note : 
" It is wonderful that Newton, who had no chemical 
means of examining the diamond, should have con- 
ceived the idea of its inflammable nature." 

It is not evident to whom the combustibility of the 
diamond first occurred ; but, in the year 1694, the 
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Florentine Academiciana jHroTed its destnictibilhy by 
heat, by means of a burning lens. The products of its 
combustion were first examined by Lavoisier, in 1772, 
and subsequently, with more precision, by Guyton 
Morveau, in 1785. Mr. Tennant's experiments, just 
referred to, demonstrated the important fact, that when 
eq^ual weights of diamond and pure charcoal were sub- 
nutted to the action of red-hot nitre, the results, in both 
cases, were the same ; and, in 1807, the combustion of 
the diamond in pure oxygen, was found by Messrs. 
Allen and Pepys, to be attended with precisely Uie 
same results as the combustion of pure charcoal. Hence, 
observes Brande, the inevitable inference, that charcoal 
and the diamond are similar substances in their che- 
mical nature, differing only in mechanical texture. 

The Combustion of the diamond may be most con- 
veniently and perfectly effected, by placing it upon a 
platinum capsule, in a jar of pure oxygen, inverted 
over mercury, and tlu'owing upon it the focus of a burn- 
ing lens. Su* Humphry Davy, when at Florence, in 
1814, (Phil. Trans.) used for this purpose the same 
lens which was employed in the first trisJs on the action 
of solar heat on the diamond, instituted by Cosmo III, 
Grand Duke of Tuscany ; he found, that when strongly 
i^ited by the lens in a thin capsule of platinum, per- 
forated with many orifices, so as to admit a firee circu- 
lation of air, the diamond continued to bum in the 
oxygen, afler being withdrawn from the focus, with so 
brilliant a light as to be visible in the brightest sun- 
shine, and with very intense heat. The results of these 
experiments demonstrate, that diamond affords no 
other substance by its combustion than pure carbonic 
acid gas ; and that the process is merely a solution of 
diamond in oxygen, without any change in the volume 
of the gas. It l&sewise appears, that, m the combus- 
tion of the different kinds of charcoal, water is pro- 
duced ; and that, firom^ the diminution of the volume 
of the oxygen, there is every reason to believe, that the 

h3 
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water is formed by the combustion of the hydrogen 
existing in strongly ignited charcoal. 

ffhy is pure carbon^ or dianumd, so scarce^ whU^ its 
tompounds^ in different sttxtes, are so abundantly dis- 
persed ? 

Because, (observes an eminent chemist*) " the won- 
der consists only in the opposition between facts and 
our opinions ; it disappears m proportion as we discover 
and appropriate the powers of nature to produce the 
same effects. To dispel the astonishment of those who 
might consider this a ground of distrust, I shall remind 
them that aluminous earth is likewise one of the com- 
monest substances, though the adamantine spar, no 
less rare than the diamond, is nevertheless alumina ; 
that iron exists every where, under every form, except 
in the state of purity ; and that the existence of native 
iron is still doubtfuL" Since the preceding observations 
were written, native iron is stated to have been found 
in Canaan, in the United States of America. 

Diamonds are usually found in an ochreous, yellow 
earth, under rocks of gnt-stone ; they are likewise found 
detached, in torrents, which have caCrried them from 
their beds. They have no brilliancy when dug out of 
the earth, but are covered with an earthy crust. The 
diamond was first discovered in Asia, in the provinces 
of Golconda and Visapour, in Bengal, and in the island 
of Borneo. About the year 1720, diamonds were first 
found in Brazil ; and a minute account of their di&-' 
covery will be found in a volume of travels in that 
country, by the late Mr. Mawe, one of the most distin- 
guished mineralogists of his time. 

The primitive form of the diamond is the regular 
octoedron, each triangular &cet of which is sometimes 
replaced by six secondary triangles, bounded by curved 
lines ; so that the crystal becomes spheroidal, and pre- 
sents forty-eight fitcets. Diamonds with twelve and 
twenty-four meets, are not uncommon. 

I i» I I I I ■ r ■ ■ 

* Dr. John Thomson, notat oa Ftmmny* 
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Why was U supposed that (he diamond mighi contain 
oxyrenf 

Because of its h^h refractive power. Such was 
the idea of MM. Biot and Arrago. According to 
Biot, if the elements of which a substance is composed, 
be known, their proportions may be calculated with 
the greatest accuracy, from their refinctive powers. 
Thus, he finds that the diamond cannot be pure car- 
bon, but requires, at least, one-fourth of hydrogen, 
which has the greatest refractive power of any sub- 
stance, to make its refraction conmiensurate to its den- 
sity. Sir Humphry Davy, from the action of potassium 
on it, and its non-conduction of electricity, suggested, 
in his third Bakerian lecture, that a minute portion of 
oxygen might exist in it ; and he threw out the idea, 
that it might be the carbonaceous principle, combined 
with some new, light, and subtle element, of the oxy- 
genous and chlorine class. — Ure* 

Why has the diamond so great lustre f 

Because it reflects all the light falling on its poste- 
rior surfitce at an angle of mcidence greater than 
24"^ 13'. Artificial gems reflect half of this light 

The base of all artificial stones is a paste composed 
of silex, potash, borax, oxide of l^ad, and sometimes 
arsenic. The best silex is obtained from rock crystal, 
and the next best from.white sand, or flint. 

Why are diamonds used for the lenses of miicroseopes f 
Because they show us the real object, without any 
sensible aberration, like that produced by glass lenses. 
This arises fironl the enormous refiractive power pos- 
sessed by the diamond, and the consequent increase of 
amplification, with very shallow curves. Again, the 
refraction of diamond is nearly three times that of 
glass ; hence, in equal refitictions, its dispersion will 
be only one-third of the latter. 
We have elsewhere* noticed the cutting propertieff . 
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of the diamond. Dr. WoUaston, in the PhXUaophictd 
Transactions, has clearly shown that it is only in the 
natural state that diamond can be depended upon to 
cut or divide panes of elass ; and even then, a partic- 
ular crystallization is absolutelv necessary. The dia- 
mond has also been employed in ornamenting steel. 
Thus, Mr. John Barton, of the Royal Mint, has pro- 
duced the most beautiflil display of prismatic colours, 
by divisions, 2000 in an inch, the lines being made 
with a natural diamond. It would be impossible to 
convey the smallest idea of the exquisite beauty and 
play of colours that are produced by these means. 

Why is the sapphire used for (he lenses of micro- 
scopes f 

Because, after the diamond, it possesses a stronger 
refraction than any other substance, capaUe of giving 
a single image, while its dispersive power is very low. 
The faint blue tinge of the sapphire is not felt in thin 
small lenses formed of this substance, which thus comes 
next in order to diamond ones, and ^rms an excellent 
substitute for the use of those persons unable to afford 
the expense of the latter. 

Why is ihe value of a briUiant-cut diamond esteemed 
equal to that of a similar rough diamond <^ twice the 
weight, exclusive of the cost of workmanship f 

Because, by cutting and polishing, but especially 
by the former, so much is taken away, that the weight 
of the polished gem does not exceed half that of uie 
rough stone. The art of cutting and polishing diii- 
monds, though probably of remote antiquity in Asia, 
was first introduced into Europe by Louis Berghen, of 
Bruges, who accidentally discovered) that, by rubbing 
two diamonds together, a new facet was produced. 

The weight, and therefore, the value, of diamonds, 
is estimated in rxtrats, 150 of which are about equal to 
1 oz. troy, or 480 gra. They are divided into halve% 
quarters, or carat grains, eighth, sixteenth, and thir^- 
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0eoond ports. The difference of value between one 
diamona and another, is, generally speaking, as the 
squares of their respective weights : thus, the value of 
three diamonds, of one, two, and three carats' weight, 
respectively, is as one, fi>ur, and nine. The average 
price of rough diamonds is estimated at fU, per carat ; 
and consequently, when wrought, the cost of the first 
carat, exclusive of workmansmp, will be 82., which is 
the value of a rough diamond of two carats. 

£ 
A wrought diamond of 3 carats is worth 79 

4 136 

5 900 

10 800 

90 3,900 *. 

30 7,900 

40 19,800 

50 90,000 

60 98,800 

100 80,000 

This mode of valuation, however, only ^plies to 
small diamonds, in consequence of the difficulty of 
finding purchasers fi)r the larger ones. 

Jfhy are diamonds called male and female f 
Because a hard and soft stone are often united in the 

same gem ; the hard stone being called by diamond 

cutters a ft«, and the soft one, a she. 

Why is a diamond said to he of ihefirst teater^ 
Because it is perfectly transparent and pure. The 
snow-white diamond is most highly prized oy the Jew- 
ells. Diamonds have, however, been found nearly of 
all colours : next to the colourless, in esteem, are those 
of a decided red, blue, or green tint. Btack diamonds 
are extremely rare ; those which are slightly brown, or 
tinged only with other colours, are least valuable. 

The largest known diamond is probably that men- 
tioned by Tavemier, in the possessiofi of the Great 
Mogul. Its size is about that of half a hen's egg ; is 
cut in the rose form, and when roughs is said to have 
weighed 900 carats^ It was found in Golconda, about 
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the year 1650. Among the crown jewels of RusBia is 
a magnificent diamond, weighing 195 carats. It is the 
size of a small pigeon's egg^ and was formerly the eye 
of a Brahminical idol, wl^nce it was purloined by a 
French soldier ; it passed through several hands, and 
was ultimately purchased by the Empress Catharine, 
for the sum of £90,000 in ready money, and an annu- 
ity of £4000. Perhaps the most perfect and beautiflil 
diamond hitherto found, is a brilliant brought from In- 
dia by an English gentleman, named Pitt, who sold it 
to the Regent Puke of Orleans, by whom it was placed 
among the crown jewels of France. It weighs rather 
more than 136 carats, and was purchased for £100,000. 
— Brandt. 

Diamonds, equal to those of Brazil, have also been 
recently found in the Ural chain of mountains in 
Russia. 

PROPEItTIES OF CARBON. 

ffliy 18 carbon so important in thevegetcAle kingdom f 
Because it is not omy a component part, but it forms 
nearly the whole of the solid basis or all vegetables ; 
and their infinite varieties may be attributed to the 
different modifications of carbon, as weff as of the other 
principles which enter into their constitution. 

Why art 90 num^ prodtuis ofvtgetaHon indtbitd to 
carbon for their product ? 

Because carbon not only constitutes the base of the 
woody fibre, but is a component part of sugar, and of 
all kinds of wax, oils, gums^ and resins ; and of these 
again how infinite is the variety. — Parkts. 

Why is carbon also important in the animal kingdmn f 

Because it enters into the composition of animid 
milk, and of animal oils and fiit ; it is also found in 
albumen, gelatine, fibrina, and in many of the animal 
secretions. 

Why is carbonic acid gas so called f 

Because it consists of carbon, which has so great an 
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affiniQr to oxygen, that when aasisted by heat, it will 
take it fit>m both substances with which it may be 
combined ; and in catain proportions, they fi)rm car- 
bonic acid sas. The composition of carbonic acid has 
been proved by analysis, as it has been actually decom- 
posed, and the charcoal or carbon exhibited entire. 

Why was ccnrbonic acid also caUedJixed axrf 

Because it was so intimately combined in chalk, 
lime-stone, magnesia, &c. It is to Dr. Black we owe 
the discovery of carbonic acid gas. Mr. Keir was the 
first who suspected it to be an acid ; and Dr. Priesdey 
afterwards announced that a portion of it was always 
found in atmospheric air. 

Again, it is probably decomposed by the organs of 
plants, its base furnishing part, at least, of the carbon 
that is so abundant in the vegetable kingdom, and its 
oxygen contributing to replenish the atmosphere with 
that necessary support of life, which is continuidly 
dimini^ed by the respiration of animals, and other 
cause. 

Saussure found carbonic acid in air from the sum- 
mit of Mont Blanc; and Humboldt discovered it in 
air brought from a height of many thousand feet, to 
which he had asc^ided in a balloon. Its production 
in the lungs is easily shown, by blowing the expired 
ai^ througn lime-water, by means of a small tube : it 
becomes milky, and soon deposits carbonate of lime. 

During the past year, likewise, Saussure has com- 
municated to the Physical and Natural History So- 
ciety of Geneva, some interesting experiments, to 
determine the variaticxis of carbonic acid in the atmos- 
phere. He found, that, near Geneva, 16 metres above 
the level of the lake, 10,000 volumes of air ccmtained 
4.15 of carbonic acid, as the mean of 104 experiments, 
made day and nighl^ and at dl seasons of the year; 
the air being taken four feel above the ground. An 
increased quantity of rain appeared to aiminiah that 
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of the carbonic acid, either by dissolving it, or causing 
the soil to do so. It was fi>tmd, that during the nighty 
the quantity of carbonic acid was greater man that of 
the day, in the proportion of 4^ to 3.98 ; but if the 
wind were strong,then scarcely any difference occurred. 
The greater quantity of carbonic acid occurring in the 
night, is attributed to the want of decomposition j which 
arises &om vegetation during the day ; a result which 
&vourB the explanation of the above question. A short 
&ostf which does not penetrate the earth to more than 
an inch, does not appear to cause any variation in the 
quantity of carbonic acid ; but when the frost continues 
long, the dryness which it occasions, increases the pro- 
portion. It was. also found, that the quantity of car- 
bonic acid is greater during the day in a city than in 
the country, that the variations occasioned by the sea- 
sons are analogous, and that the quantity of carbonic 
acid increases more by the influence of night in the 
coimtry than in the town. The air of the plains con- 
tains more carbonic acid than that of the mountains ; 
which difference is explained by considering that the 
decomposition of the acid occurs principaUy where 
vegetation is most abundant, as it is in the plains, and 
that the gas is absorbed by the earth there, because it 
contains more rain-water. — Jlbridgei from La BUdith- 
ihique UniverseUe, 

Why is a hlueJUxme so often seen vpon ihe surface <^ 
a ehaarcoalfire % . 

Because the combustion of the carbonic oxide is 
formed in this way : the air entering at bottom, fi>rm8 
earbonic acid, which, passing througn the red hot char- 
coal, becomes converted into carbonic oxide. Hence 
arises the danger of ^burning charcoal in ill ventiliu^ 
chambers. 

Why is carbonic acid frequency found at the bottom of 
iiMinjts\w^y%(c!^ 

Because h is much heavier than a(tmoq[>heric air« 
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Workmen ought never to venture into such plaees 
without previously letting down a lighted candle. If 
the candle bums, they may enter sa^ly ; if not, quick- 
lime should be let down in buckets, and gradually 
sprinkled with water. As the lime slacks, it will ab- 
sorb the carbonic acid gas, and the workmen may af* 
terwards descend in sa&ty. — Parkes. 

In these cases, the carbonic acid issues from crevices 
in the earth, and is produced by unknown sources. 
Similar accidents happen to persons incautiously de- 
scending into brewers' vats, before they have been pu- 
rified fi-om this gas. We were told of three or four 
such cases at the brewhouse of Messrs. Barclay and 
Perkins, as we were walking over their stupendouB 
store- vats « few years since. 

-The noxious properties of carbonic acid, or choke- 
damp, in mines, have already been noticed in conneidon 
with the Scifthf Lamp, (See p, 54, et seq.) 

Why do persons experience diffictdty of breatkingj 
giddiness^ and faintness, in crowded ana iUuminaUd 
rooms, which are ill-ventilated^ 

Because of the excess of carbonic acid jwhich is al- 
ways produced by the respiration of animals. In like 
manner, some manu&ctories are very unhealthy ; as 
all commop combustibles, such as coal, wood, oil, wax, 
tallow, &c. contain carbon as one of their component 
parts ; so the combustion of these bodies is always at- 
tended by the production of carbonic acid. It is not, 
therefore, surprising, that carbonic acid should be al-. 
ways present in the atmosphere. Indeed, the great 
wonder is, considering the abundance of its sources,^ 
that it does not accumulate to an injurious degree, 
as it certainly would, without one of those admirable 
and providential compensations which perpetually 
strike us among the laws of nature ; by Mdiich it is 
provided, that the process of vegetation should renaove 
the contamination produced by the aninial part. 

PART XII. I 
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Carbonic oxide, when respired, is &tal to animal 
life. Sir Humphry Davy took three inspirations of it 
mixed with about one-fourth of common bit ; the effect 
was a temporary loss of sensation, which was succeeded 
by giddiness, sickness, acute pains in difTerent parts of 
the Dody, and extreme debility. Some days elapsed 
before he entirely recovered. Since then, Mr. Witter 
of Dublin was struck down in an apoplectic condition 
by breathing this gas ; but he was speedily restored by 
die inhalation of oxygen. 

Why have workmen ojten lost their Uvea by sUqnng 
too near limekHns ? 

Because carbonic acid gas is extricated from the 
kilns in great abundance. 

This brings to our recollection an ificident, which 
occurred a row years back at a limekiln adjoining the 
old Bristol road, and manifests how perfectly insensible 
the human frame may be to pain in peculiar circum- 
stances. It is related by Mr. Leonard Kni^p, in his 
interesting Journal of a NdiwoHisty and though not 
exclusive^ illustrative of the above question, we are 
induced to quote l^is narrative :^^ A travelling man 
one winter's evening laid himself down upon the plat- 
form of a limdkihi, placing his feet, probably numbed 
with cold, on the heap of stones newly put on to bum 
through the night. Sleep overcame him in this situar 
tion ; the fire graducQly rising dnd increasing, imtil it 
iffnited the stones upon wfiich his feet were placed. 
Lulled by the warmth, he still slept; and though the 
fire increased until it burned one foot, (which probably 
was extended over a vent-hole) and part or the leg, 
above the ancle, entirely ofiT, consuming that part so 
effectually, that no fitigment of it was ever discovered 
—the wretched man slept on \ and in this state was 
feond by the kiln-man in the morning. Insensible to 
any pain, and ignorant of his misfortwie, he attempted 
to rise and pursue his journey, but missing his shoe, 
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requested to have it found ; and when he was raised, 
puttinff his burnt limb to the ground to support his 
Dody, me extremity of his leg-bone, the tibia, crumbled 
into fragments, having been calcined into hme. Still 
he eirore^ed no sense of pain, and probably experi- 
enced none, from the gradual operation of the fire, 
and his own torpidity during the hours that his foot 
was consuming. This poor drover survived his mis- 
fortunes in the hospital about a fortnight; but the fire 
having extended to other parts of his body, recovery 
-^kaa hopeless." i 

Whf are dogs killed by entering the ^ Grotto dd cano,* 
in Bcuyf while man enUrs with 8^etyf 

Because the floor of the grotto is lower than the 
door, and this hollow is alwajra filled vnth fixed air, 
which can rise no higher than the threshold, but there 
flows out like water. It has been a common practice 
to drive dOffs into this cavern, where they sufler a tem- 
porary deaUi for the entertainment of the passengers ; 
but a man walks in with safety, because his mouth is 
fir above the surfiice of this ddeterious air. The lake 
of Avemo, which Virgil poetically describes as the en- 
trance to the infernal regions, evolves so large a quan- 
tity of this gas, that bu-ds, flying over it, drop vrith suf- 
fi>cation.^— ParA:e^. 

Why does caHtonic acid gas fJEL ike apparency empty 
ipace^ or upper part of fke vesseis^ in vmch vinous jer- 
mentation %s gwng on$ 

Because of the ^reat weight of the gas, which pre- 
vents its ascent. Dr. Ure observes, " a variety of stick- 
ing experiments may be made in this stratum of elastic 
fluid. Lighted paper, or a candle dipped into it, is 
immediately extmguished ; and the smoke remaining 
in the carbonic acid gas, renders its sur&ce visible, 
which ma^ be thrown into waves by agitation, like 
water. If a dish of water be immersed in this gas, and 
briskly agitated, it soon becomes impregnated, and oh. 

I 8 
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tains the pungent taste of Pynnout water. In conse- 
quence or the weight of the carbonic acid gas, it may 
be lifted out in a pitcher, or bottle, which, if weU 
corked, may be used to convey it to great distances ; 
or it may be drawn out of a vessel bjr a cock, like a 
liquid. The effects produced by pounng this invisible 
fluid from one vessel to another, nave a very singular 
appearance : if a candle or small animal be placed izn 
a deep vessel, the former becomes extinct, and the lat- 
ter expires, in a few seconds after the carbonic acid gas 
is poured upon them, though the eye is incapable of 
distinguishing any thing that is poured. If^ however, 
it be poured mto a vessel ftiU of air, in the sunshinei 
its density being so much greater than that of the air, 
renders it slightly visible, by the undulations and 
streaks it forms in the fluid, as it descends through it" 

Carbonic acid has a peculiar, sharp taste, which may 
readily be perceived over the vats in which wine or 
beer, is fermenting, as also in sparkling Champagne, 
and the brisker kinds of cider. It consists in 100 parte^ 
of oxygen 72.72, the c^er 27.28 being pure carbon. 
It not only destroys life, but the heart and muscles of 
animals killed by it, lose all their irritability, so as to 
be insensible to the stimulus of galvanism. 

Butterflies and other insects, of which it is deored 
to preserve the colours unimpaired, may sometimes be 
conveniently suffocated by this gas. 

Why htu soda tealer a brisk, sharp taste f 
Because it is water, which, by artiflcial pressure vrith 
forcing pumps, has been made to absorb two or three 
times its bulk of carbonic acid, according to its sharp- 
ness. When there is added a little potash or soda,- it 
becomes aerated or cai*bonated alkaline water: — ^^'a 
pleasant beverage," observes Dr. Ure, ^and a not in- 
active remedy in several complaints, particularly dys- 
pepsy, hiccup, aUd disorders of the kidney." The ef^ 
fervescent quality of many mineral waters is referable 
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to the presence of this gas, and they are often unitated 
by condensing carbonic acid into water, either by a 
condensing pump, or by a Nooth's apparatus, consist- 
ing of three vessels connected, which the observant 
r^der may have noticed in the shops of chemists. We 
have already mentioned the water of Pyrmont : Spa 
and Seltzer are also instances : the last particularly, is 
highly impregnated with this acid. These waters are 
so pleasant and salutary, that various imitations of 
them, made in this country, are sold under the naines 
of single and double soda water. They are manu&c- 
tured by several houses in London, equal in every re- 
spect to the natural waters imported from the continent. 
Seltzer water is, we know, frequently introduced at the 
dinner tables of the wealthy, in tall stone bottles, simi- 
lar to those used fi>r beer in France and the Nether- 
lands, and formerly used for spruce-beer in this country. 

The strength of soda water^ or the quantity of car- 
bonic acid gas which it contEuns, is not, however, its 
main excellence ; it should also contain soda. We know 
a patentee of soda water who nearly lost his life by ex- 
perimenting upon the strength of his apparatus, which 
once burst with tremendous violence ; the copper ^f 
the vessel, though of considerable thickness, was riven 
or torn asunder : he showed one of its fragments to Sir 
Humphry Davy, who requested it for his laboratory. 

Carbonic acid gas may be rendered liquid by great 
pressure, and Mr. Brunei has Endeavoured to apply 
this liquid as a mechanical agent for the production of 
piotive power. 

Why are carbonates so called? 

Because they are combinations of carbonic acid with 
the alkalies, metallic oxides, in earths, and in stones ; 
particularly in chalk, limeston^, and marble. Thus, a 
cubic inch of marble contains as much carbonic acid 
in combination, as w6uld fill a four-gallon vessel when 
in the state of gas. — Pcerkes. 

I 3 



90 KN0Wi.BI»OB FOE THE PEOPLE. 

Why t9 plumbago improperly caMed Hack leadS 
Because it consists of irou, and a certain proportion 
of carbon ; and thus, there is no lead in its composi- 
tion. Many other instances might be adducea, in 
which the names of substances have given false ideas 
of their nature and properties. Thus, white and green 
copperas contain no copper^ but are formed, the one 
witn zinc, the other witn iron. 

ffhy is tdumhago mtidi used for makiiig crucibles 
and poriame furnaces f 

Because, like charcoal, it is indestructible by heat, 
unless with the presence of atmospheric air. It pro- 
tects iron from rust, and is on that account rubbed on 
various ornamental cast-iron works, such as the fronts 
of grates, &c. 

Why is cast-iron submitted to a long intense heat, to 
be converted into wrought iron ? 

. Because by this means the carbon bumsj and, unit- 
ing with the oxygen, both go off in the state of car- 
bonic acid gas. 

Why do pit'coals vary in quality ? 
^ Because of the different proportions of carbon and 
bitumen which they contain : but carbon is the chief 
mgredient in aU. 

Why are som>e coals caUed slaiyf 

Because they hold also from 10 to 40 per cent, of 
earth ; and some coals likewise contain a considerable 
quantity of sulphuret of iron^ known by the name of 
martial pyrites. 

There are four species of coal very distinct from each 
other : viz. the graphite of Werner, or plumbago ; the 
anthracolite ; the jet, or pitch coal ; and the common 
coal. One hundred parts of plumbago contain, accord- 
ing to Berthollet, about 90 per cent, of charcoal, and 
10 of iron, ^^thracolite, or anthracite, is distinguished 
from other coal by burning without flame, and is some- 
times called stone coal: it is composed of 64 carbon. 
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d3«yie8y and 3 parts of iron. Jet ocean in Scotland, 
at Whitby, in Yorkshire, in Bavaria, and in France, 
near the Pyrenees. It is composed of 76 parts char- 
coal, 22 parts bitumen, and two parts earth. Common 
coal is composed of bitumen and charcoal, and varies 
according to the places where it is procured* 

OXTOEN. 

ffhy %8 oxygen so caUed^ 

Because it enters into the composition of a large mih 
jority of the acids, (from two Greek words, signifying 
the formation of acids) and was formerly supposed 
CO be the general acidifying principle. 

Sir Humphry Davy appositely observes, that the 
great chemical agent, oxygen, is at once necessarv in 
all the processes of life, and aU those of decay, in wnich 
nature, as it were, takes again to herself those instru- 
ments, organs, and powers, which had for awhile been 
borrowed, and employed for the purpose or the wants 
of the living principle. 

Growing vegetables, exposed to the solar light, give 
out oxygen gas ; as do leaves laid on water in similar 
situations, the green matter, that forms in water, and 
some other substances. 

Why is Uad^ exjfosed to a strong htat^ and Jret access 
of air, converted into a bright red substance, knotvn as 
minium, or red lead ? 

Because the lead gives out the oxygen which it liad 
previously attracted from the air at a lower tempera- 
ture. The red precipitate of the druggists is similarly 
produced from quicksilver, which, in the operation,^ 
mcreases its weight about 8 per cent 

Oxygen gas may be obtained in its greatest purity 
from th^ salt called chlorate of potassa. After tne dis- 
covery of this gas, it was adopted by Lavoisier as the 
universal supporter of combustion. The basis of diQ 
gas was supposed to unite to the combustible, and th« 



KirOWLXDOB FOR THB FBOFUB. 

heat and light which it before contained in the ffaseous 
state, were said to be evolved in the form of flame. 
But in this case several requisites are not fulfilled ; the 
hght depends upon the combustible, and not upon the 
quantity of oxygen consumed ; and there are very nu- 
merous instances of combustion, ia which, oxygen, in- 
stead of being solidified, becomes gaseous during the 
operation : and, lastly, in others no oxygen is present 
Combustion, therefore, cannot be regaraed as depen- 
dent upon any peculiar principle or form of matter, 
but must be considered as a general result of intense 
chemical action. We quote this perspicuous theory 
of combustion fi^m Mr. JBrand^ ; its dependence upon 
electricity has been already noticed, as well as several 
properties of oxygen, in connexion with the general 
subject of combustion. {Seepp, 60 to 65.) 

CHLORINE. 

Why U ckUnint «o caUed^ 

Because its colour is green (firom the Greek word 
for green). 

Dr. Ure observes, '<the introduction of this term, 
(chlorine) marks an era in chemical science. It origin- 
ated fit>m the masterly researches of Sir Hum|mry 
Davy, on the oxymuiiatic gas of the French school ; a 
substance, which, afler resisting the most powerfiil 
nleans of decomposition which his sagacity could in- 
vent, or his ingenuity could apply, he declared to be, 
acc^-diug to the true lo^c of chemistry, an elementary 
body, and not a compound of muriatic acid and oxy- 
gen, as was previously imagined, and as its name 
seemed to denote. He accordingly assigned to it the 
term chlorine, descriptive of its colour, a name now 
g^ierally apptied." 

Why are chlorvM and Us aqueous solution used to 
prepeM ir^ectumf 
Because chloride has the pouter of decomposing the 
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fiocuous compounds which prodnce contagion, and re- 
solving them into others, which are harmless. Even 
wiien combined with lime, -in the dubstance usually 
known as bleaching powder, chlorine retains this anti- 
septic power. For the purposes of fumigation, chlo- 
rine, liberated from manganese and muriatic acid, or 
manganese salt and sulphuric acid, may be diffused 
through the atmosphere of the infected chambers, or 
the infected goods may be exposed to it In the same 
way, the offensive odour of dead bodies may be miti- 
^ted by sprinkling them with solution of chlorine. 
Chloride of lime has also been successfully used in 
cases of bums ; to destroy the stench of bilge- water 
in ships, and to correct the confined air in their holds ; 
as well as to d^troy the fire-damp in mines. 

Whif %8 bleaching powder always used m a liquid form f 
Because it has the property of bleaching only when 
water is present. Thus, if a piece of dry litmus paper 
be introduced into a jar of diy chlorine, it will suffer 
no change ; but if previously wetted, the colour will 
speedily disappear. The colours of printed calico may 
readily be discharged by the same means. 

The addition of the water to the chloride of lime, 
(or bleaching powder) effects its partial composition : — 
pne half of the chlorine leaves the lime, and dissolves 
in the water ; and this is the bleaching liquid of the 
shops, which is sold at a high rate, although it cannot 
cost more than a farthing « gallon. Sometimes this 
fluid is applied immediately to the substance to be 
bleached, but sometimes a weak acid is added, to de- 
stroy the slight afiinity of the chlorine for the lime, 
and you wiU see by this addition, how much the 
bleaching power of the fluid is increased. The manu- 
fectory of the chloride, of lime is carried on on a large 
scale in the north of England, by passing chlorine into 
leaden chambers^ containing hydrate of lime in fine 
powd^.r-i?rafufe. 
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Scheele fast remarked this bleaching property ; Ber- 
thollet applied it to the art of bleacmng in France ; 
and from, him Mr. Watt introduced its use into Great 
Britain. 

BROMINE AND IODINE. 

Why %8 Bromine so called f 

Because of its origin from a Greek word signifying 
''a strons disagreealne odour." In like manner, iodine 
is named from a Greek word signifying "violet-co- 
loured," which distinguishes its vapour. 

Bromine and iodine have only very lately been dis- 
covered, and they belong to that class of substances, 
with whose use m the economy of nature we are at 
present totally unacquainted, and which have not yet 
been applied to any practical purpose : nevertheless, 
they are objects of the greatest interest to the chemist ; 
and the study of their properties is particularly instruc- 
tive, on account of the analogy which subsists between 
them and chlorine. 

Bromine probably exists in sea-water, but its relative 
proportion must be exceedingly minute. One hundred 
pounds of sea-water, taken up at Trieste, afforded 5 

Sains of bromide of sodium===3L3 grains of bromine, 
ere the bromine is unaccompanied by any iodine ; 
and the same appears to be the case with the waters of 
the Dead Sea. in the water of the Mediterranean, on 
the contrary, iodine is always found with bromine. It 
is most readily recognise^ by evaporating the water, 
so as to separate all its more ordinary crystallizaUe 
contents, reducing the rwnainder to a very smaU bulk, 
and dropping in a concentrated solution of chlorine. 
The appearance of a deep yellow tint announces bro- 
mine. Dr. Daubeny , Professor of chemistry at Oxford, 
has ' discovered iodine and bromine in several salt 
n>i1ngs>and mineral waters of this country ; and the 
rrofessor conceives that his analyses will tend to throw 
some light on the connexion between the chemical con- 
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sdtudoii of mineral waters and their medicinal quali- 
ties. Bromine has also been obtained from the ashes 
of sea-weeds, and we shaU presently have occasion to 
notice its connexion with the cause of the ocean's tint. 
Thus, it has been discovered, not only in the waters of 
the ocean, but in certain salt springs, in the ashes of 
marine plants, and, according to Mr. Brande, in those 
of some marine animals. 

Bromine acts with energy on the animal functions. 
A drop, let fall into the hesik of a bird,:wa8 sufficient 
to kill it Iodine was accidentally discovered in 1812, 
by M. de Courtois, iei manu&cturer of salt-petre at 
Paris. In his processes for procuring soda from the 
ashes of sea- weeds, he found the metaUic vessels much 
corroded, and in searching for the cause of the corro- 
sion, he made this important discovery. But for this 
circumstance, merely accidental, one of the most curi- 
ous of substances might have remained for a^;es un- 
known ; since nature has not distributed it, either in 
a simple or compound state, through her different 
kingdoms, but has stored it up in what the Roman 
satirist considers as the most worthless of things— the 
vile searwfeed. — Un, 

Iodine has been successfully api^ed in cases of can- 
cer and bronchocele. 

HYDRO OEN. 

ffhy is hydrogen employed for filing mr^baXloona ? 

Because it is much lights than the atmosphere ; the 
principle upon which balloons are constructed being, 
that a solid rises in the atmosphere with any given 
force, when its weight is 1^ than the weight of t^ air 
which it displaces by the amount of that force. Hydro- 
gen is the Hghtest substance in nature at present 
known, being 14.4 less dense than ^^ommon air, 16 
times less dense than oxyeen, and 14 times less dense 
thfiui nitrogen. Pure hymrogen gas is not, however, 
necessary to fill balloons ; and carfouretted hydrogen gas, 
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fiuch AS is used to light the streets^ has been adratt- 
tageonsly substituted. 

Dr. Ure considers every cubic foot of gas included 
in a balloon, to have by itself a buoyancy of fully one 
ounce avoirdupoise in the atmosphere. Hence, a bal- 
loon of ten feet diameter will have an ascensional 
force of fully 524 oz. or 33 lbs. minus the weight of the 
314 superficial feet of the varnished silk enveloping 
the gas ; and one of 30 feet diameter, a buoyancy of 
Hilly 14,137 oz. or nearly 890 lbs. minus the weight of 
the 2,827 feet of envelope. The subject of balloonSi 
generally, belongs to Pneumatics. 

Hydrogen also forms a component of all vegetable 
and animal products, and is therefore abundantly dif- 
fused throughout nature. It may be roBpired for a 
short time, though it is instantly mtal to all small ani- 
mals. M. Maunoir, after having breathed a quantity 
of pure hydrogen, found that his voice had bcicome re- 
markably shrill. It is inflammable, and extinguishes 
flame. When pure, it burns quietly, with a lambent 
flame at the surmce, in contact with air ; but if mixed 
with thrice its volume of air, it burns rapidly, and with 
detonation* 

VH£ BLOWPIPE. 

fFhy ia the gas hUnopipe so importcmi an tnstrument 
in chemical analysis, £^c? 

Because it enables us to employ a mixture of oxygen 
and hydrogen gases, and thus to produce the most 
powerful heat yet known. This may be shown by pre- 
paring a bladder full of^each of these airs, and forcing 
some out of each, into a common tube connected with 
both, and throwing a stream of the mixed gases on 
burning charcoal, or on any other substance in the act 
of con3)ustion. These bladders should each be fur- 
nished with a small metallic pipe and stop-cock, and 
Uie tube connecting with both should have a very small 
orifice, 10 order that a regular stream of the eommixed 
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{193 may be thrown upon the buniing subitaiice. This 
18 called the hydro-oxygen blowpipe, and its coDBtruo- 
tion and use were illustrated by the late Dr. £. daike, 
in a series of beautifid experiments in the fusion and 
reduction of earths and metals, and their compounds. 
Mr. Hare of Philadelphia, also fused, by this appara- 
tus, porcelain, common pottery, Wedgwood's ware, 
pipe and porcelain clay, fine brick, common Mck, and 
compound bricks, with equal ease. M. Lampadius, 
on making use of the gas blowpipe, found the heat, 
which is produced by the combustion of oxygen, with 
carburetted hydrogen gas, procured fix>m coal, to be 
more intense than that with pure hydrogen* Mr. Brande, 
howeyer, thinks the above blowpipe edways a danger- 
ous instrument, and adds, ^nearly as intense a tempe- 
rature may be saf^y produced by propelling oxygen 
dirough the flame of a spirit lamp.'^ 

Why is the common Uowpipe, or simiple betd tuhtf 
less aavarUa^eous than that jttst described^ 

Because it is hurtful to the lungs, and cannot be 
used iHit with much inconvenience, ftom the necessity 
of keeping up a continued blast. To effect the latter, 
bellows have been added, but as portability is a great 
object, they are niore objectionable thsax bladders, 
which occupy little room when empty, and may be 
quickly filled with air. Mr. K. T. Kemp, of Edinburgh, 
has, however, invented a blowpipe which is very port- 
able, requires scarcely any exertion of- the limgs, one 
expiration into it being sufficient to produce- a contin- 
ued blast for about two minutes— imd occupies verj 
little space. It is described and drawn in Jamesonrs 
Joumci for 1829, afid in the ^cana qf Scknct and »M 
for 1830, p. 145. 

WATSB. 

Why is hydrogen so eaIUd}_^ 
Because it is one^of the dements of water (ikmn the 
two Gi^ek words signifying tlte fonoatiini m water). 
PART xi:. K 
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ThuSy when two volumes of pure hydrogen gas are 
mixed with one volume of pure oxygen gas, and the 
mixture inflamed in a proper apparatus by the electric 
spark, the gases totally disappear, and the interior of 
the vessel is covered with drops of pure water, equal 
in weight to that of the gases consumed. Again, if 
pure water be exposed to the action of voltaic electri- 
city, it is resolved into two volumes of hydrogen, disen- 
gaged at the negative pole, and one volume of oxygen, 
disengaged at the positive pole ; so that water is mus 
proved by synthesis, and by analysis, to consist of two 
volumes of hydrogen combined with one of oxygen. 
We quote this illustration from Mr. Brande, who adds, 
^ the experiments illustrating the composition of water, 
and showing the proportions in which its elements are 
united, are amongst the most important in chemisdy. 
The readiest means of decomposing water is as fol- 
lows : — take a gun-barrel, the breech of which has been 
removed, and fill it with iron wire coiled up. Place it 
across a common chafing-dish, and connect to one end 
of it a small glass retort, containing some water ; and. 
to the other, a bent tube, opening under the shelf or 
a water-bath. Heat the barrel redhot by means of 
charcoal, and apply a lamp under the retort. The steam 
of water, in passing over the redhot iron, will be de- 
composed, the oxygen will unite with the iron, and the 
hydrogen may be collected in the form of gas. This 
is the most ^onomical way of making hydrogen in 
large quantities. Those who have had an opportunity 
of visiting an iron ibundery, may see this process con- 
tinually going on ; for when the melted metal is poured 
into the damp moulds, the water which they contain 
is decomposed, and the hydrogen which is given off is 
ignited; and generally, fiiom its mixture with the air, 
produces a slight exploskm. If this experiment be made 
vei^ carefiilly, by placing the iron wire, previously 
weighed, in a glass, or very compact earthen tube, in- 
stead of the gun-barrel^ the weight which the iron will 
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have acquired, added to the weight of the yolume of 
gas produced, will bo found exi^tly to make up the 
weight of the water decomposed ; and they will be to 
each in the proportion of eight to one. 

Water was, tUl modem times, considered as an ele- 
mentaiy or simple substance. In 1776, the celebrated 
Macquer made an experiment, by burning hydrogen 
gas in a bottle, without explosion, and holding a white 
china saucer over the iSame. His intention appears to 
have been that of ascertaining whether any raliginous 
smoke was produced ; and he observes that the saucer 
remained perfectly clean and white, but was moistened 
with perceptible drops of a clear fluid, resembling 
water; and which, in fact, appeared to him to be no- 
thing but pure water. In the following year, Buauet 
and Lavoisier experimented to discover what is produc- 
ed by the combustion of hydrogen ; but Dr. Priestley, in 
1781, appears to have first fired hydrogen and oxygen 
gas in a closed glass vessel ; the inside of which, though 
clean and diy before, became dewy. The inference 
respecting this was, that these airs, by combustion, de- 
posited the moisture they contained. Mr. Watt, how- 
ever, inferred fit)m these experiments, that water is a 
compound of the burnt airs, which give out their latent 
heat by combustion. In the same year, Mr. Henry 
Cavendish was busied on the subject, which he illus- 
trated by a valuable series of experiments. The com- 
position of water was not known or admitted in France 
till the year 1783, when it was proved by MM. Lavoi- 
sier and de la Place. The grand experiment in France 
was, however, by Fourcrov, Vaquelm, and S^guin, and 
was begun on May 13, 1790, and finished on the 22nd 
of the same month. The combustion was kept up one 
hundred and eighty-five hours with little interruption, 
during which time the machine was not quitted for a 
moment. The experimenters alternately refi-eshed 
themselves when fatigued, by lying for a few hours on 
mattrasses in the laboratory. The total weight of hy- 

K 2 
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diogen and oxygen employed, was 7fM^SiSff\ die 
weight of water obtained was 7,244 grains, or 12 oz. 
4 ^8. 45 gr. ; the deficit being 4.227 gr. The water 
being examined, was found to be as pure as distilled 
water. 

The composition of water is best demonstrated, by 
exploding two volumes of hydrogen, and one of oxygen, 
in the eudiometer. They disappear, and pure water 
results. From the most carefiil experiments, it appears 
that a cubic inch of water, at the temperature of 60^, 
weighs 252.52 gr., and consists^ of ^.06gr. of hydro- 
gen, and 224.46 gr. of oxygen. The volume of the for- 
mer gas is 1,325 cubic inches, and, of the latter, 662^ 
making together 1,987 cubic inches ; so that the con- 
densation IS nearly 2000 volumes in 1. 

Why is footer tmiverscdly found tkrouffhovt nature^ 
Because it possesses a large range of cSSnity for nat- 
nral bodies, of which it is capable of dissolving a great- 
er number than any other fluid. It is found not only 
throughout the earth in an uncombihed state, with its 
particles in the different aggregates either of ice, water, 
or vapour, but in a permanent and chemical union 
with a vast number of substances,' solid, fluid, and 
gaseous. The air of the atmosphere, and even that 
which is considered the driest, contains much water 
in solution. Maay solid minerals, and crystallized 
neutral salts, contain water in their composition; some 
of the latter to more than half their weight. 

Why 18 hard water often improper for dyeing f 
Because it contains salts witn an eardiy basis, which 
precipitate upon the stuff during boilmg, and thus 
prevent (he access of the colouring -particles. Som6 
of the earthy salts are indeed used in dyeing, but to 
alter and heighten particular colours. Well water is 
preferred in dyeing red, and other colours that want 
astringency ; as well as in the dyeing of stufl[B of loose 
texture, as calico, fiistian, and cotton. 
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Why has the common pracHee of Hning wdU tmA 
bricks been condemned f 

Because bricks soften the hardest water, and give it 
an aluminous impregnation. — Dr, PerewaL 

Why is water often found impregnated toiih stdphur-' 
eUed hydrogen gas ? 

Because of the spontaneous decomposition of pyrites^ 
or sulphuret of iron, where the sprmg rises, lience, 
sulphuretted hydrogen gas, which consists of sulphur 
held in solution by hydrogen gas, imparts the medicinal 
value to many celebrated springs, and is found very 
plentiftilly id all those natural waters, which emit that 
peculiar and offensive odour somewhat similar to rotten 
eggs, or the scourings of a foul gun-barrel. At a me- 
dium temperature, water will absorb from two-thirds 
to three-fourths of its bulk of this gas, and even twice 
its bulk. 

Of this property were the several wells in London, 
supposed to be impregnated with the spmtus mundif 
and sold by the monks as a kind of spiritual nectar ; 
the most celebrated of which was the Holy-well, near 
Shoreditch. 

Why does this tcaier soon becoms turbid^ 

Because the cohesion of the sulphur to the hydrogen 
is very weak. It soon deposits pure sulphur. Hence, 
the sulphureous pellicles that are found in the chan- 
nels in which this water flows, or the lining of the casks 
and other vessels in which it is usually conveyed. 

Why is the purest toater that which fdUs from the ai- 
mosphere^ 

Because, having touched air alone, it can contain 
nothing but whatjit gains from the atmosphere, and it 
ia thus distilled without the chance of those impurities 
wjbich may exist in the vessels used in an artificial ope- 
ration. — Sir Humphry Davy. 

Why is ram-waier coUected in towns less pure than 
dsewMre ? 

k3 
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Because it always acquires a small quantity of suK 
phate of lime, and carbonate of lime, obtained from the 
rodf and plaister of the houses. Again, the atmosphere 
of a smoky town will give some impregnation to rain, 
as it passes through. Hippocrates states, that rain- 
water should always be boiled and strained when col- 
lected near large towns ; a fact now well Renown to 
chemists. 

Why is the purest toaier prodmtd from smw thai has 
fallen on glaciers^ which are themselves formed from 
frozen snowf 

Because congelation expels both salts and air from 
water, whether existing below, or formed in the atmos- 
phere : and, in the high and uninhabited regions of 
glaciers, there can scarcely be any substances* to con- 
taminate: removed from animsd and vegetable life, 
they are even above the mineral kingdom. Sir Hum- 
phry Davy considers this to be pure water : its colour, 
when it has any depth, or when a mass of it is seen 
through, is bright blue ; and, according to its depth, it 
has more or less of this colour. Captain Parry states, 
that the water on the Polar ice has the same beautifiil 
tint. The reader will find some new and interesting 
oleervations on the colour of irater m Satmonia. 

ffhy is water distittedf 

Because its fbrei^ impurities may be completely 
separated from it. Distilled water as commonly pre- 
pared, however, alwajrs affords minute traces of foreign 
matter, especially when subjected to Voltaic decompo- 
sition, and can only be considered as perfectly pufe, 
when re-distilled, at a low temperature, in sihrer ves- 
sds. • 

Why is distilled water the lightest of aU ttatersf 
Because it contains neither solid nor gaseous sub- 
stances ia solution. It is perfectly devoid of taste ; is 
coloiorless and transparetit, feels soft, and wets the fin- 
gers more readily than any other. The principal cases 
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in which distilled water has been used as an article of 
drink, have been in those important trials of the prac- 
ticability of producing it by condensing the steam of 
seawater, by means of a simple apparatus fitted to a 
ship's boiler. These have fiiily shown the ease with 
which a large quantity of fi^sh water may be procured 
at sea, and that of the purest kind. 

Why did the M chemists believe in ih$ conversion of 
water into earlh hy distiUaiion 7 

Because they found that the water, though purified 
by repeated distillation, if evaporated to dryness, always 
left a small residumn* MagrafiT distilled water seventy- 
two times, with this result ; but Lavoisier determined 
that this residuum was entirely owing to the abrasion 
of the glass vessels in which me process was carried 
on. 

** . * 

PFhy has U been important to ascertain tmih precision 
the weight of pure water $ 

Because it is the standard with which all other 
liquids and solids are compared ; as the weights of 
aeriform fluids are with atUiospheric air. Moreover, 
a recent act of Parliament declares, that the standard 
measure of capacity shall he the giUon, containing 10 
lbs. avoirdupoise weig%t» (7000 gr.=llb.) of distilled 
water, weighed in the air, at the temperature of 62^ 
of Fahrenheit's thermometer : the barometer being 
at 30 inches. The capacity of this gallon is 277.274 
cubic inches, 

Hofihian thus sHros up the properties of pore water : 
** It is ^e fittest drink for all ages and temperaments : 
and, of an the productions of nature or art, cornea 
nearest to that universal remedy so much sought after 
by mankind, and never hitherto discovered." 

ff%y does potash soften hard toaterf 

Because it decomposes all \he earthy sake which 
oppose the solution of soap, by causing the earth to 
precipitate, whilst the neutral alkaline salt which is 
left, does not injure the solvent power of water. 
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Why dloes alum dear faid water^ 

Because this salt is decomposed by the carbonate of 
lime in the water, and the idumina carries down all 
sensible impurities. 

This appears to be, in &ct, a species of filtration, the 
efficacy ofwhich, as a remedy for the long-complained- 
of impurities of the water of the Thames, we nave al- 
ready noticed, in Part 1 of this work. That the Thames 
water may be *so purified is proved by the feet, that 
upon being taken to sea in casks, and becoming putrid, 
when it is racked off, and exposed to the air, it grad- 
ually deposits a black slimy mud, becomes clear as 
crystal, and remarkably sweet and palatable. 

It might be expected that the Thames, passing a 
large town, and thus receiving its impurities, should 
thereby acquire a foulness, perceptible to chemical ex- 
amination for a considerable distance below the town ; 
but the most accurate examinations prove that, where 
the stream is at all considerable, these impurities have 
no influence in permanently altering the quality of the 
water ; and, as they are only suspended, that mere rest 
will restore the water to its original purity. By this 
filtering process, or depuration, as is proved by Dr. 
Bostock, in the Philosophical jyanaadions for 1829, 
purt 2, the quantitv of saline matter in the water was 
mcreased as much as fourfold. Thus, 10,000 gr. of 
the water left by evaporation a saline crust, and were 
found to contain the following salts: 

Aftec exam. Before exanu 

Carbonate of lime 4.20 gr. 1.55 gr. 
Sulphate of ditto M .12 

Muriate of soda Io^ta oq 

Muriate of magnesia J ^'^^ -^ 

7.60 1.90 

Thus, although the water, by this depurating pro- 
cess, fi*eed itseff fi*om the great quantity of oreemic 
matter which it contained, and acquired a state of ap- 
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pStmt ptnir^ , which might render it sufficientlv proper 
lor many purposes, yet that the quantity of salme mat- 
ter was increased as much as fourfold. The greatest 
proportionate increase is in the muriates, which are 
very nearly twelve times more in the purified water 
than in that of the Thames in its ordinary state. The 
carbonate of lime is between two and three times as 
abundant as before, and the sulphate of lime between 
fire and six times. This water, also, examined in its 
foul state, gave very obvious indications of both sul- 
phur and ammonia, neither of which could be detect- 
ed after depuration. 

This depurating process may be denominated a spe- 
cies of formentation ; t. e. an operation, where a sub- 
stance, without any addition, undergoes a change in 
the arrangement of its component parts, and a new 
compound or compounds are produced. The newly 
formed compounds were, in this case, entirely gaseous, 
and, except a part of the carbonic acid, were dich 
charged. The saline bodies, not being affected by this 
process, remained in solution, leaving the fluid Sreej 
mdeed, from what are considered as impurities, yet so 
much loaded with earthy and neutral salts^ as to be 
converted irom a soft into a hard water. The source 
of the saline bodies maybe supposed to be the organic 
substances, principally of an animal origin, which are 
00 copiously deposited in the Thames : of these, the 
most abundant are the excrementitious matters, as well 
as the parts of various undecomposed animal bodies. 
The different species of the softer and more soluble 
animal compounds, act as the ferment, and are them- 
selves destroyed, while the salts which were attached 
to them are left behind. It may be conceived, there- 
fore, that the more foul is the water, the more complete 
will be the subsequent process of depuration : and we 
have hence an explanation of the popular opinion, that 
the Thames water is peculiarly valuable for sea stores, 
its ^extreme impurity inducing the fermentative pro- 
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cess, and thus removing from it all those Bubstances 
which can cause it to undergo any fiirther alteration. 

The great importance of filters need not be further 
insisted on. In Paris, such an apparatus is to be 
found in almost every house ; yet me water of the 
Seine is of great purity, and even purer than any of 
the tributary streams which surround it It does not 
contain more than five gndns of soUd matter in the pint. 

Within tibese few months, a plan has been submitted 
to the Royal Institution, for filtering the river Thames 
beneath its bed. 

Why does water, unlike other liquids, increase in vo^> 
ume, as U cools doum to its point of congelation f 

Because, by this peculiar law, it may answer certain 
important purposes in the economy of nature, which 
may be demonstrated as follows : — the water which 
covers so large a portion of the sur&ce of the globe, is 
one of the most efficient means of equalizing its tem- 
perature, and rendering those parts habitable, which 
would otherwise be bound up in perpetual firost, or 
scorched with intolerable heat The cold air which 
rushes fix>m the polar regions progressively abstracts 
the heat fi-om the great natural basins of water, or 
lakes, till the whole mass is reduced to 40^ (the fi^ez- 
ing point being 32*) ; but at the former point, by a wise 
providence, the refrigerating influence orthe atmos- 

Ehere becomes nearlv null ; for the superficial stratum, 
y further cooling, becomes specifically Ughter ; and, 
instead of sinldng to the bottom, as before, and dis- 
placing the warmer water, it now remains at the sur- 
nice, becomes converted into a cake of ice, and pre- 
serves the subjacent water Grom the fiirther influence 
of the cold. If^ like mercury, it continued to increase 
in density to its fi-eezing point, the' cold air would con- 
tinue to rob the mass ofwater of its heat, till the whole 
sunk to 32®, when it would immediately set into a 
solid stratum of ioe, and every living animal in it 
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would perish ; and in these latitades, a deep lake, so 
frozen, would never again be liquified. At the tem- 
perature of 40^, water is about SSSd times heavier than 
atmospheric air. 

Why is the expansion of toater by cooUwy and at (he 
time of becoming tee, a great cause qf destruction tn 
northan climates ? 

Because, where ice forms in the crevices or cavities 
of stones, or when water, which has penetrated into 
cement, freezes, its expansion acts with the force of the 
lever or the screw, in destroying or separating the 
parts of bodies. Akin to this, are the mechanical 
powers of water, as rain, hail, or snow, in descending 
from the atmosphere ; for in acting upon the projections 
of solids, drops of water, or particles of snow, and still 
more, of hail, have a power of abrasion : and a veiy 
soft substance, fit)m its mass assisting gravitation, may 
Inreak a much harder one. 

The rupture of iron and lead pipes by fi'eezing, has 
been cursorily noticed elsewhere.* The most interest- 
ing experiments upon the subject are, according to 
Braade, those of Major Williams. Bomb-shells, about 
13 inches in diameter, and more than 2 inches thick, 
were filled with water; the fuse-holes were then 
plugged with iron bolts — and thus charged, were ex- 
posed to the open air, at a temperature bemeen 40^ and 
IIF. At the moment of congelation, the plugs were 
thrown out, and the ice prptruded throu^ tne fiise- 
hole. When the plug was duly secured, the EdieU it- 
self burst. The greatest difiference observed in those 
experiments, between the bulk of water before and 
after congelation, was :174 :184. Exposed to the air, 
ice loses considerably in weight, by evaporation. 

Why is toater, as a c^temical agent^ frequently re* 
solved into its elements f 
Because they are respectively concerned in the pro- 

* See DoMssTic Bciiif cb, p. 14. 
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ductipn of ixew compounds. Thus, when chloride of 
phosphorus acts upon water, its chlorine combines 
with the hydrogen of the water to form muriatic acid, 
and the phosphorus and oxygen unite to form phps- 

Ehorous acid. In other cases, bodies decompose water 
y the absorption of oxygen only, and the hydrogen 
is liberated m the gaseous form ; but there is no 
instance in which the hydrogen is absorbed, so as to 
cause the evolution of gaseous oxygen. — Brandt, 

JVku %9 the decay of marble buildings maieriaUy has- 
tened by the water of the atmosphere ? 

Because of its great solvent powers : .the calcareous 
and alkaline elements of stones being particularly Uable 
to this kind of operation. The carbonic acid, which 
this water holds in solution, also increases its power of 
dissolving carbonate of lime, or marble ; and in the 
neighbourhood of great cities, where the atmosphere 
contains a large proportion of this principle, the solvent 
powers of the rain exposed to it must be greatest 
Whoever examin(3S the marble statues in the British 
Museum, which have been removed from the exterior 
of the Parthenon, will be convinced that they have, 
suffered from this agency; and an effect distinct in 
tbe pure atmosphere and temperate climate of Athens, 
must be upon a higher scale in.the vicinity of other 
European cities, where the consumption of fuel pro- 
duces carbonic aci4 in great quantities. — Sir H, Davy* 

Why do tnetals rust in the exterior of buildings 9 

Because of the oxy dating powers of water ; which, 
by supplying oxygen in a dissolved or condensed 
state, enables the me^s to fi>rm new cpmbinafions. 
Thus, metalUc substances, such as iron, copper, bronze, 
brass, tin, and lead, whether they exist in stones, or 
are used for support or connexion in buildings, are 
Ikible to be corroded by water, holdmg in solution 
the principles of the atmosphere.— -iS»- A Dany* 

Why does toood exposed to (he air so soon decay f 
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BonUwe, not ooly the ruin, but eTen the v^wur in 
-dw nk, attracted by the wood, ^raduallf reacia upon 
its fibres, and aaeists decompoBibon, or enables Ub elo- 
Dumta to take jaew Hirangements. Hence it is, tliat 
none of the roofs of ancient buildines, more than one 
,lbouBaad fears «1d, remain, utiles it be such as are 
coDStructeaofalone ; aslhoeeof tlir^Paiitlipon at Home, 
imd the tomb of Theodric Bt BiLA.niia, iLe cupola of 
wjjich is composed of b single liliH'k ofniarljle. The 
pictures of the Greek masters, uliicli were poiated o 
tbe wood of the abUs, or pine ul' ihe Mcdif 



lilcewtse, as we are informed bj I'liiiy, owed tliolr de- 
Btructioa, not to a change in the rolniirs, nor to the al- 
'teration of the calcareouB grounil on whic;li lh(?y were 
painted,- but to the decay of tlie (ablets of wood on 
Trhictt the IntonBco or Mucco was liiid. Aniungiit the 
substances employed in building, wood, iron, tin, and 
'lead, arc most liable to decay Irani the opt^mtion of 
water ; then marble, when exposed to its influence in 
the fluid form. Brass, capper, granite, sienile, and 
porphyry, are more durable. — jSt IL Dmy. 

Why do :ioinf sli-iirs ilccay sooiter than others f 
Because iiiui'h depends upou ihe peculiar nature of 
their coDBCilueiil parts. Thus, when the feldspar of 
the granite roi-ks contains little alkali or calf^reoua 
aarth, it is a very pnrcnanem sioae; but when, in gra- 
nite^ porplwry, or sieuite, either the feldspar contains 
much alkuiiio matter, or the mica, schor!, or bom- 
blende, much protojtido of iron, the action of water, 
cantaming oxygen and c«rtioaio acid, on the ferrueinoua 
elements, tends to produce the disintegration ofstone. 
The kaolin, or clay, used in most countries for the 
manufacture (if porcelain or china, is geuerBlIf pro- 
duced from rlin feldspar of decomposing gnmite, in 
which the cjiiiRo of dneay is the diesoiution and sep- 
aration of the alkaline ingredients. 
. Thiaand the three previous illustrot ions areabridged 
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from the Dialogue Polo, or Tlme^ in the poertihumous 
work of Sir H. Davy, already named. We hme no- 
where seen the philosophy of creation 4md decay itiore 
beautifully illustrated than in this treasurable litde 
volume. 

Why is marble used for sculpture and archHedute in 
preference to Juxrder substances^ 

Because their durability is not in proportion to their 
hardness ; and marble, though much softer than gra- 
nite, resists longer the attacks of air and moisture. 

Why is the temperature of thje sea more uniform than 
that of any inland water, exposed to the cttmosphercy and 
not a hot spring ? _ 

Because it possesses' in itself a peculiar source of 
caloric, owing to a variety of causes, the dperation of 
which is unknown to us. The v^st body of the water, 
and the perpetual agitation to which it is exposed, ren- 
der it less liable to be affected by outward changes of 
:temperature ; and this ia particularly the case at a con- 
siderable depth below the surface ; at its upper part, 
however, it pK)ssesses an extensive range of temperature 
at different seasons of the year. On the shores of Eng- 
land, the surface of the sea is seldom, in the severest 
weather, lower in its temperature than 40^, or higher, 
in the hottest summer, than 65*^ ; whereas the heat of 
rivers, especially when they are shallow and their 
cuiTents slow, rises higher and sinks lower than either 
of these points.— Boof A. ' 

Why does seawater soon grow offensive hy keeping^ 
'■ Because of the, decomposition of the animal and 
vegetable matters which it contains in suspension; 
these, like all organic bodies, being j^eculiarly liable 
to c^hdnge, and the salt in the water iiot being suffi- 
jpient to preserve them from decay. 

Why is the sea \isuaUy of a green colour^ .. 
r . Becm&^f probably, of vegetable matter, and perhaps, 
partiidly, of two elementary principles, iodine and 
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brome, which it certainly contains, though these are 
possibly the results of decayed marine vegetables. 
These give a yellow tint when dissolved in minute 
portions in water, and this mixed with the blue of 
pure water would occasion seagreen. — Sir H, Davy* 

Why %8 it emmeaua to suppose that the salt in the sea 
has been gradually augmerUed by saline particUs brought 
into it by rivers f 

Bepause this conclusion is totally inadequate to ex- 
plain the immense quantity of salt existing in ^e 
whole mass of the ocean. If the average depth of the 
sea be tei^ miles, and it contain 2i per cent of salt, 
were the water entirely evaporated, the thickness of 
the saline residue would exceed one thousand feet. — 
BakeweWs Geology. 

Connected with the depth of the sea, the following 
interesting question has been noticed in a German 
Journal. Whether in the sea there be depths where 
no creature is aUe to live, or whether a boundary be 
assigned to organic life mthin those depths, cannot 
be ascfertairied. It, however, clearly appears frons the 
observations made by Biot, and oth^r naturalists, that 
fishes, according to their different dispositions, Kve in 
different depths-of the ocean. 

fVhy is the Mediterranean of superior salthess to other 
seas^ * . 

Because the Mediterranean expends, by evaporation, 
three times more water than it receives ; tne fresh 
water being so carried off from the siirfece. 

fVhy is the Dead Sea so called f 

Because no hving creature is to (>e feund in it 

Why is U said, ihat ^nothing sifiks in the Dead 

Because of its extreme saltness. Mr. Madden, a 
recent traveller, bathed in this sea: he could lie, like 
a log of wood, on the sur&ce, without stirring handx>r 
feot^ as long as he chose ; but with much exertion he 



lis KNOWLEDGE FOR THE PEOPLE* . 

coiild iUBt dive sufficiently deep to cov«r ^1 Imho^tfJ 
when he was again thrown on the sur&ce^ In spite of. 
his endeavours to descend lower. On coming out of 
the water, Mr. Madden found his body coated with it, 
and likewise with an incrustation of salt, about the 
thickness of a sixpence. 

TEAM. 

Jfhy has steam aueh extraordinanf power f 
Because^ in its constitution, twoTolumes of hydrogen, 
and one of oxyeen, are condensed into two volumes. 
A cubic inch of water at 40° is expanded by heat into 
1694 inches, or nearly a cubic foot of steam, at the^ 
temperature of 212^ ; at which point it is equal to the 
mean elasticity of the atmosphere, or thirty inches of 
mercury ; when we see the phenomencTof boiling. 

Water is susceptible of compression, as was on^n- 
ally shown by Canton, and more lately by Mr. Perkins, 
who finds a. pressure of 2000 atmospheres occasioned 
b^ a diminution of l-i2th its bulk. (PhU. Trains. 1820.) 
If submitted to very sudden compression, water be- 
comes luminous, as has been shown by M. Desaignes. 

Whf is steam consider^ universal in nature f^ 
Because it is not only formed from water at its boil- 
ing point, but rises slowly and quietly from it at all 
temperatures^ even below the freezing point It is al- 
ways found mixed with the permanent gases of the at- 
mosphere, even in the driest weather ; as may be seen 
by the dew on a glass of water fresh drawn from a 
well ui summer. Its elasticity at the fr'eezin^ point ia 
equal to 0.200-inch of mercunr, and' its force mcreases 
in a geometrical porogression for equal increments of 
temperature. 

We have elsewhere quoted and simplified theappli^ 
eitiionB of steam,* and, accordingly, here only notice 
ittf constitution, which could not with propriety be 

* Bee MxcRAMics, pp. 6S to 60, 
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omitced: fiMC, as Sir Humphry Dayy obserres, *'the 
steam-engine ki its rudest fi>rm was the result of a 
Chemical experilkient ; in its refined state, it required 
the c6mbination8of all the most recondite principles of 
chemistry and mechanics ; and that excellent philoso- 
pher who hastgiven this wonderful instrument of power 
to civil society, was led to the great improvements he 
made by the discoveries, of a kindred genius, on the 
heat absorbed when water becomes steam, and of the 
heat evolved when steam becomes water." 

MT7RIATIC ACit). 

Whf iA myriatic acid gas termed^ in more modem 
nomeiuiaturfi, hydrochloric add gas f 

Because it consists of equal volumes of hydrogen 
and chlorine, mixed and deposed to light. The best 
mode of showing its composition^ is to introduce into 
a small but strong glass vessel a mixture of the two 
gases, and to inflame them by the electric spark ; no 
ohange of volume ensues, and mpriatic acia gas re- 
sults. — Brande, 

Oil of vitriol poured upon common salt is a conmion 
method of purh^ing the chambers of the sick ; the 
chlorine, which is thus produced, being a powerful dis- 
infectant Cpmmon salt will remove fruit, and wine 
stains from linen, from the salt being a compound of 
sodium and chlorine. Sir H. Davy observes upon the 
first of these processes, " When common salt is de- 
^composed by oil of vitriol, it was usual to explain the 
phenomenon by saying, that the acid, by its superior 
affinity, aided by heat, expelled the ^as,iind united to 
the soda. But, as neither muriatic acid nor spda exists 
in common salt, we must now modify the explanation, 
by saying, that the water of the oil of vitriol is first 
decomposed^ its oxygem unites to the sodium, to form 
soda, which is seized on by the sulphuric acid, while 
the chlorine combineswith die hydrogen of the wat^r, 
and eyeholes in .the farm of hiuri^tic f»id gasL'?. 

L 3 
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f¥4iy %8 muriaiie acidy dissolved th waUr^ ccHed jpi- 
ntqfsaUf 

JBecause it is commonly procured by distilling a mix^ 
ture of dilute sulphuric acid with common salt ; as, 32 
parts of salt, and 22 of sulphuric acid, diluted with one 
third Us weight of water. The quantity of real acid 
in muriatic acid of different densities, is best ascer- 
tained by the quantity of pure carbonate of hme, (Caiv 
rar& marble, for instance) which a ffiyen weight of the 
acid dissolves. Every .50 grains of the carbonate' are 
equivalent to 37 of real acid. — Bramde, , 

Muriatic acid is much employed in the arts. It is 
the best test for silver : if a single drop' be poured into 
any solution containing this metal, a cofiious" precipi- 
tate ensues, owing to the affinity of this -acid for the 
silver, and the insolubililr of the muriate of silver thus 
formed. Muriatic acid dissolve tin and lead. , 

Why is muriatic acid recommended for cUanirig old 
books and prints f 

Because, though it removes ihe stains of comlnon 
ink, it does not anect printers' ink. For the latter use, 
add half an ounce of red lead to three ounces of com- 
mon muriatic acid. 'Where writings hove been effaced 
for ^udulent purposes with this acid, sulphuret of am- 
monia, andpnlssiate of potash, will' revive tlie vniting 
and discover the artifice. Vpry old writing may be 
revived in this vmy. If indigo and oxide of manga- 
nese be added to common ink, it will prevent its be- 
ing efbced by chlorine. — Parkes. 

With various bases, hiuriJELtic acid forms the salts 
called muriates; and muriates, when in a state of dry- 
ness, are actually chlorides. 

SITROGER. 

fFhy is nUrogen alsa called azoUf 

Because an animal immersed in it is. immediately 
suffiicated- (from u, vrivaHvCj and Ctt»*79 ^i^)" ^^ i^ 
that term be taioeia in its'strict setise, aU^eous bodies 
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« 

(exeepdag atmospheric air) mig^t be inchicM imder 
It j fi>r even oxygen itself will not indefinitely saf^rt 
lire : moreover, nitrogen, as it exists in the atmosphere, 
mixed with oxygen, appears to be absolutely essential 
to animal life ; for no other gas can besub^tuted for 
it.. If we consider the term nitrogen as merely imply* 
ing that it is a component of nitric acid, it is explicit 
and unofojectionaole. We, therefore, adopt it ji pre*- 
ference to that of azote. — Bvande, 

Whether nitrogen is or is not a simple body has been 
much discussed among eininent chemists, without any 
conclunye resuk. In Silliman's American Journal for 
1829, we read of a discovery of nitrogen gas issuing 
in almost a pure state. fix>m the earth, through three 
springs, in Hoosick, New York. According to Trous- 
set, the gas emitted by the sjun is pure nitrog^ ; and 
BIr. Faraday has proyedthat if sea-sand, after ignition, 
be handled, it wiU yield an azotic impregnation fi'om 
the skin, which the san<l itself would not do. 

Professor Emmett reconimends the preparation of 
nitro^^n by dipping zUic into fUsed nitrate of ammo* 
nia : it is iDstantiy oxidized and dissolved, and nitrogen 
and ammoniacal gases are evolved. Every grain of 
the metal fiimishes nearly a cubic inch of the gas; 
while the ammonia, which also escapes, becomes 
wholly condensed, as soon as it. enters into the water 
of the pneumatic cistern. / 

fVhy Oi ther^ so much nitrogen in almospheric air^ 
seeing that it is injurums tQ animal life 7 

; Bepause it dilutes and naodifies me oxygen of the at* 
mosphere, so as to prevent too rapid combustion, and 
stimulating respiration. Dr. I^ambe ohsrares, tbat^ ^ if 
the proportions of oxygen and nitrogen were revers- 
ed in atmospheric air, Sie air taken in by respiration 
WfOuJkl b0;mpre stimulant, the circulation would become 
accelerated, and all the secretions would be increased ; 
th«, tone of the vessels, thus stimulated to increased ae- 
tion, would be dfM^tro^d by over excitement, and, if 
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the supply from the stomach were not equal to the con* 
sumptioD, the body must inevitably waste and decay. 

Why %8 nitrous oxide popularly ceiU-ed ^ laughing' 

Because it produces a certain degree of pleasurable 
excitement, often accompanied by laughter, in those 
who inhale it It was discovered by Dr. Priestley, in 
1772, but was first accurately investigated by Sir Hum- 
phry Davy, in 1779. The best' mode of procuring it 
is to expose nitrate of ammonia to the flame of an ar- 
gand lamp, in a fflass retort. When the temperature 
reaches 400** Fahrenheit, a whitish cloud will "begin 
to project itself into the neck of the retort, accompanied 
hy tfie copious evolution of gas, which must be col- 
lected over mercury for accurate resewxjhes, but for 
common experiments may be received over water. 

In Sir Humphry Davy's volume of JRweorc^e*, con- 
cerning nitrous oxide, are many interesting details of 
its effects when respired. Sir Humphry describes those 
upon himself thus : — " Having previously closed my 
nostrils and exhausted my lungs, I breathed fi)ut quarts 
of nitrous oxide from and into a silk bag. The first 
feelings were similar to giddiness; but m less than 
half a minute, the respiration being continued, they 
diniinished gradually, and were succeeded by a sen- 
sation analogous to gentle pressure on all the muscles, 
attended by an highly pleasurable thrilling, particular- 
ly in the chest and the extremities. The objects around 
me became dazzling, and my hearing more acute.- 
Towawis the last inspiration the thrilling' increased, 
and at last an irresistible propensity tO action was in- 
dulged in. I recollect but indistihcti^ wh&t fbllowed : 
I know that my motions were various uid violent. 
TlMse effects very soon ceased after respiration. In 
ten minutes I had recovered my natural state of mind. 
The thrilBng iri the extremities continued longer than 
the other sensations. Ahnost every one who has 
breathed this gas, has observed the same things. On 
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^me feWy indeed, it has no efiect whatever, and on 
others the effects are always painfuL" The experiment 
cannot be made with impunity, especially by those 
who are liable to a determination of blood to the head* 

fVhy 18 niirie acid so ccdledf 

Because it is usually obtained by distilling purified 
nitre with aulphuric acid ; this, however, is only suffi- 
ciently pure for ordinary purposes. 

Nitric, acid stains the greater number of animal sub- 
stances of a yellow colour, and is hence used in pro- 
ducing yellow patterns lipon coloured or woollen goods: 
it is used in mmigations, to destroy contagious and 
infectious matter, more especially in inhabited apart- 
ments, where chlorine would prove injurious. For this 
purpose, nitrate of potassa (nitre) and sulphuric acid 
are mixed in a saucer, and the evolution of the acid 
Tapour aided by a gentl& heat In pharmacy, and a 
tariety of oUier processes, it is susceptible of mterest- 
ihg apolications : it is used for etching on copper, and 
as a solvent for tin,* in the preparation of valuable 
mordants, used l^ dyers and calico prihters. It is an 
important agent m metallurgy, and especially in the 
art of assaying. — Brands. 

For the purposes of the aits, it is commonly used in 
d diluted state, and contaminated with the sulphuric 
and muriatic acids, by the name ofaquajbrtis, A com- 
pound, made by mixing two parts of the nitric acid 
with one of muriatic, known formerly by the name of 
aqua regia^ and now by that of mfro-murto^ic add^ has 
the property of dissolvmggoldand phitina. 

Wky w oxalic add also called acid of sugar % 
Beeiause it is most commonly procured by the action 
of nitric acid on sugar. 

* In a recent German Journal, M. Biiiscberlich mentions that iron, 
Hiny and feveral other metals, may be put into, and even boQed in 
nltrle acid, of 1.5Q9 specific jpraTity, without the least ellbec j whilst 
Hac la immMlMtoly osidiflBd nd disiolved* 
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AMMONIA. 

Why is ammonia also tailed volatile alkali f 
Because it converts most vegetable blues to green, 
and the yellows to red — ^properties which belone to the 
alkalies. The change of colour thus eifected by am- 
monia is, however, distinguished from that produced 
by the ftxed alkalies, by the return of the original tint, 
when tine ammonia flies off by exposure. It saturates 
the acids, and produces qj^ important class of ammo- 
niacal salts, which are recognised by the evolution of 
ammonia, when they are triturated with potassa, soda, 
or lime. — Brande. 

Why is sal ammoniac so caUed$ 

Because it was first made in the neighbourhood of 
the temple of Jupiter Ammon. According to Pliny, 
there were large inns in the vicinity of this famous 
temple, where the pilgrimSj who came to wcNrship, 
lodged; and who usually travelled on camels. The 
proprietors of these stables had some contrivance for 
preparing and concentrating thq urine of these beasts, 
and the 'salts which it produced were afterwards sub- 
limed in glass vessels for sale. Another account is, 
that ammoniacal «alt was abundantly obtained from 
the blood of the victims who were slaughtered' in hon- 
our of the god. 

Why should liquid ammonia he kept in toeU-stopped 
hotOes^ - . 

Because it loses ammonia, and absorbs parbonic 
acid, when exposed to the air* ~ 

Why is ammonia generally used in a liquid state f 

Because, being next to hydrogen and carburetted 
hydrogen, the lightest of all the gaseous bodies, it has 
a great affinity for water. Now^ though water is in- 
capable of dissolving either hydrogen or nitrogen, yet 
whefi these are united^ in ammonia, their nature is so 
chan^d, that they bocome very soluble in watery th^t 
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fluid having the power of taking up and condaunng 
nearly 670 times its own bulk of ammoniacal gas ; and 
when thus saturated, the solution is lighter than an 
equal volume of water, in the proportion of 875 to 1000. 

' Why is ammonia important in dyeing f 

Because of its extensive use in making archil. A 
Florentine merchant, about the year 1300, having ac- 
cidentally observed that stale urine, which sdways 
contains ammonia, imparted a very fine colour to a 
certain ^)ecies of moss, &c., made experiments, and 
thus learned to prepare ardiil. — BerthoUeL 

A recent French Journal states, that aqua ammoma 
wfll give to new brandy all the qualities of that of the 
{Meat date. Five or nx drops of the ammonia are to 
be poured into each bottle oibrandy, and shaken well, 
that it pxay combine with the acid, on which the taste 
and other qualities of the new Uquor depend. 

ir% is ammoma so ahundanUv found in nature ? 

Because aU putrifying animal and vegetable sub- 
stances furnish it, in proportion to the quantity of ni- 
trogen which they contain. It is, however, now gene- 
rally procured by dry distillation of bones, horns, &c. 
Besides various uses m the arts, in chemical researches, 
and in medicine, ammonia combines with carbonic 
acid, and' fonhs the article known as voldHle saUs^ 
which are likewise obtained from coal soot, and from 
the waste liquor collected in the manul^ctories of coal 
gas. It hais also an useful domestic application in Hid- 
ing the lighmess of Inread ; which is explained by itB 
great volatilky, and the heat of baking. Another and 
more extensively useful combination of ammonia, is 
with muriatic acid, forming muriate of ammonia, or 
sal ammomac, originally fabricated in Egypt, from the 
Boot of the dung of camels, burnt as fuel. It is. now 
made in Europe, and is used by dyers -to prevent tin 
from precipitating ; in -tinning metals, to cleanse the 
BUFfitoe, and prevent tliem oxidizing by heat ; and in 
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the flBsay of metalB, to discover ihf^ prQS^nQ9'tf VQIH 
dissalved in nitric lu^id, it also Ibrms the 0q;m ri^fpi^ 
of commerce. 

Native ammonia is fi)und jn the vicinity of voloanoos^ 
in some of the momitains of Tartary and Thibet, and 
in some of the Tuscan lakes. It has also been detected 
by Dr. Marcet in seawater. On pit coal it may iJm 
be sometimes seen in a yellowish white powder. 

Whf is old decomposed dung comparfUisifely useless m 
manvre ? 

Because, as soon as dung begins .to decompose, ^ 
throws off its volatile parts, wh^h are th^ most valu- 
able and most efficient. 

Why is soot a powerful mcmune^ 

Because it possesses ammoniacal salt, empyreumatic 
oil, and charcoal, which is capable of beiiig rendered 
soluble by the action of oxygen, or pure vj^ air. 

Why are the stem and leaves of the heei-rroet valuable 9 
Because, when dried and burned, they yield ashes 
so rich in aScali, that it melts easily by Ibeat, end nif- 
passes many of the common varieties of potassa. 

Sulphur. 

Why are common pvriles roasted to obtain suLphvr^ 
Because, the fumes ^ing received into a long cham* 

ber of brickwork, the sulphur is ^adually deposited; 

it is then purified by fusion, jand cast into jiticks.^ 

Why vM a roll 6f sutphur, when suddeni^ sdzed in 
a warm hand, craMe, and someiknes JhU in pieces f 

Because the action of heat is unequal, tne sulphur 
conducting it but slowly, and having little power of 
cohesion. 

Sul{^ur is one of the few elements which occur in 
•nature in their simple form. It is a weU Imown mi- 
iieral substance, found in large quantities in: the neigh- 
bourhood of volcanoes, and as an article ^conpmAxoe 
Ur chiefly brought from the Medyterranaao. Thaalfeeto 
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of beat upon mlpbar are very curioue. It is rrndDr 
melted and Tolatilized, and begins to eraporate at 170 , 
and to fiise at 105". At 220° it becomea complBtdy 
fluid ; between 336" and S3S° it be^ns to ctyebUMxe ; 
between 330° and 384° it ia as liquid as clear vamiah, 
•nd of an amber colour ; at about 330° it begins to 
thicken, Eiud acquire a r^ colour, and on increaMng 
the heat, it becomes so thick that it will not pour. Be- 
tween ^8° and 572°, the colour ia a red brown ; from 
572° to the boiling point it becomes thiniiRr, but never 
80 fluid as at 248° ; the deep red brown colour continues 
till it boils. It Bublimea (this term ia used to denote 
the evBpoiatiiHi of a soUd) at 600°, and condenses into 
the Ibnn of a powder, or, as it is termed, oTfineert. 
When poured into water, in complete fiision, it be- 
comes of the consistenc; of wax, and of a red colour ; 
it may then be used for taking impreseiooB from en- 
craved atonee, and hardens upon cooling. In a French 
Journal we read, "though it ia well known that sul- 
phur which has been recent^ &8ed does not iramedi- 
Btely recover in former propertie*^ no one suspected 
that it required whole months, and even a longer p»- 
ri>d, fiilly to restore it." 

fHm ia nbHuud tvlpKvr,JbrddicaUpiirptue*,iea»M 
toilh hot tenter 9 

s alwaya elighlly bout. The purity of 



ties, it should totally evaporate. It ahuuld also be per- 
fectly soluble in boiling oil of turpentine. 

Ifhy u mdphtlrelted kydrogea of easy prodaetion ? 

Because sulphur, iu its ordinary state, always con- 
tains hydrogen, which it ^ves off during Ihe action of 
various bodteH for which It has a powerful attraction. 
BerzeliuH, by heating sulphur with oxide of lead, re- 
marked the formation of water, but in such small and 
indefinite quantities, ae induced bim to adopt the gen- 

FABT Xtl. M 
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eraliy received opinioQ, that the presence of hydrogen 
is accidental, ana that it is not an element of sulphur. 
This illustration is (][uoted b^ Mr. Brande hi his valu- 
able Manual. It is indeed simple and beautiful, since 
the reader need not be reminded of the ready produc- 
tion of oxygen from heating oxide of lead, and the for- 
mation of water by the combination of oxygen and 
hydrogen. 

Of all the gases, sulphuretted hydrogen is perhaps 
the most deleterious to animal life. A green-fincn, 

{>lunged into air which cod tains only l-1506th of its vo- 
ume, perishes instantly. A dog of middle size is de- 
stroyed in air that contains 1 -800th ; and a horse would 
&1] a victim to an atmosphere containing l-250th. 
Dr. Chaussier proves, that to kill an animal, it is suffir 
cient to make the sulphuretted hydrogen gas act on 
the surface of its body, when it is absorbed by the in*- 
halants. 

Why %8 sulphur used in bleaching^ 

Because, wnen burned, its fiimes combine with the 
oxygen of the atmosphere, and thus produce sulphur- 
ous acid gas. This first reddens blue colours and 
then destroys them : it is much used in whitening sUk 
and straw-work. According to Pliny, it was used in 
his time for bleaching wool. Upon some colouring 
matters, however, as that pf cocluneal, sulphuroiiis 
acid has scarcely any action ; and when it does destroy 
colour, the original tint may often be recovered by a 
stronger acid. A red rose, for instance, is bleached hv 
dipping into a solution of sulphurous acid : but the col- 
our is restored by immersion in diluted sulphuric acid. 

fVhy has u eun a pecvliar smell afUr firinst % 
Because of me sulphuret of potasn formed by the 
exploded sulphur and nitre pf the gunpowder. 

■- * ■ < 

SULPHinUC ACID. 

Wky is iDoter necesscay, toUh su^pkwr6us add oxygm^ 
U> produce stdphltric acid f 
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Because the acid gradually unites with a further 
broportiou of oxygen, and the compouud is taken up 
by the water. When sulphur is burned in dry oxygen 
gas, there Ss no (Change or volume. Again, on the mix- 
ture or dilution of siuphuric acid, great heat is given 
out by the further admixture of oxygen. Four parts 
of acid and one of water, produce, when suddenly 
mix^d, a temperature=300®. According to Dr. Ure, 
the greatest heat is evolved by mixing 73 of acid wiUi 
27 of water. 

' Sulphuric acid is also obtained without nitre, by a 
patented process invented by Mr. Hill. " Coarsely 
powdered iron pyrites are submitted to a red heat, in 
cylinders communicating with a leaden chamber con- 
tiuning water ; part of the ^phur, as it bums out of 
the pyrites, appears at once to pass into the state of 
sulphuric acid." — Brandt. 

Native sulphtuic acid is not Uncommon. In 1829, 
M. Egidi, druggist of Ascoli, witnessed in a spacious 
cavern a violent disengagement of sulphuric hydrogen, 
which, in contact with atmospheric air, became gnulu- 
ally decomposed, and produced water and sulphur ; the 
latter deposited on the sides of the cavern, and princi- 
pally fbrnied sulphates of lime crystallized ; and lastly, 
sulphuric acid, running down the sides of the cavern. 
Professor Eaton describes the natural occurrence of 
sulphuric acid in large quantities, both in a diluted 
and a concentrated state, in the town of Byron, ten 
miles south of the Erie canal. The place has been 
known in the vicinity, for seventeen years, by the name 
of the sourisprings, and consists of a hillock 230 feet 
long and 100 broad, of an ash-cdloured alluvion, con- 
taining an immense quantity of exceedingly minute 
grains of iron pyrites : it is mostly covered with a coat 
of charred vegetable matter four or five inches thick, 
and bladk as charcoal ; the same kind of matter extends 
on all sides, fiom the base of the hillock over the 
plain. Its charred state is caused wholly by the 

h2 
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sulphuric Hcid. In vrt 
eted on this hillock i 

grounds ; but ae soon ae the spring rams began to ae- 
dine, then (he regetableB withered aTray,aiurappeared 
aa if scorched. About two miles east of this place is 
another sulphuric acid spring, still more remarkable in 
one respccL The quantity of water from this spring 
is in sunicieut quantity to turn a light grist-niill ; ana 
yet there is so much sulphuric acid present in it, that 
the stream will constantly redden violets, and its water 
coagulUe milk. It is supposed that the sulphuric acid 
is produced in some way by the decomposition of the 
jyyrites in the soil. — Silluium. 

Cases of poisoning by sulphuric acid are not unfre- 
quenl ; the beat antidotes are copious draughts of chalk 
And water, and of carbonate of magnesia and water, — 
OrJUa. 

Why is adphunc add aUo called ptZ ^ viiripli 

Because it waa SircaerYf obtained bv the diatillatioB 
of green vitrkd. It is now procured ,by burning a 
mixture of about B part* of sulphur, and of nitre, in 
close leaden chambers confining watw.by which the 
fiuues produced are absorbed, and by eraponuion tlw 
Mid is procured in a more concentrated Hate.— Fontct. 

ffkg aktuU ndphutie add alwaya bt iep< eloie^ 

' Because it r^dly alworhs water from the «tmo»> 

pbero ; so that, m moist weather, 3 pans by weight 

mcr^M^e to 4 in 34 houra, 

fFhy it su^AurCe aeid ivamrtard in tfyeing Una f 
Because it mstantly disBolres ittdlgo, whicn, at first 

d«ep purple, becomes bine by espoeu^e to air, of by 



PHOSPBOBCS. 

fn^ u phoi^ipnu tMoMuMefiom bolt* atrVii 
Beca<|Be of ue phosphate of lioie in bonea ; viiich, 
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with water and fSUlphtiric acid, yields phosphoric acid ; 
this, mixed with charcoal, and distilled, yields phos- 
phoret of carbon, and this by re-distiliation becomes 
phosphorus. Th^nard is of opinion that phosphorus 
cannot be entirely freed from cnarcoal, a minute quan- 
tity of which does not impair its whiteness. Does not 
this illustrate its easy combustion ? 

Mr. Parkes notes that phosphorus was accidentally 
discovered at Hamburg, in 1669, by an alchemist 
named Brandt, in his search after gold ; and two years 
afterwards, one Kraft brought a small piece of phos- 
phorus to London, on purpose to sl^ow it to the king 
and que«i of England. Mr. Boyle afterwards dis- 
covered the < process, which he described in the PhUo- 
soohical TransacUonf for 1680, and in a little book 
which he published in the sfune year, entitled the 
4eruil AbdtZtica. Mr. Boyle instructed Mr. Godfrey 
Hankwitz, of London, how to procure it frt>m urine, so 
that he was the first who made it for sale in England ; 
•and he continued to supply all Europe with it for 
mooy years; -* 

ff%^ does phoMerua shint in the air in the dark^ toith 
a pale Idue light J : 

Because of its very slow combustion, which is at- 
tended by the production of acid: hoice the necessity 
of preserving it in water ; this has a luminous property 
when agitated. The combustion ceases in close ves- 
sels, as soon as the greater part of the oxygen has been 
absorbed. ' This light is caused by a white smoke ; but 
in air perfectly dry, phosphorus does not smoke, be- 
cause die acid which is formed, and closely encases the 
combustible, screens it from the atmospherical oxygen 

In the vacuum of the air-pump, phosphorus, in 
small pieces loosely enveloped in cotton, will generally 
inflame, and bum for some time, with a pale blue 
light : and, in the same circumstances, it more readily 
kindles if sprinkled with powdered resin or sulphur ; 
alone, it does not inflame. — Brande. 

If 3 
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M* Osam has described, in die BtdkiHn Ihdvendj 
teveral new solar phosphori, wkich are far more poweis 
fiil than these previously known. The curious reader 
will find them in the Arcana of Science for 1829^ See 
4ilso page 53 of the present volume. 

Phosphorescent phenomena are not uncommon in 
nature. Phosphorescent fluor spar has lately been 
ibund in Siberia and Cornwall. The lumitiousness 
of the sea, especially in sliormy weather, is supposed 
to be a phenomenon of this class ; but its cause is in- 
volved in too much controversy for place here : it was 
£>nnerly bdieved to be caused by the electrical friction 
of the waves, which explanation is no longer admit- 
ted.^ Humboldt attributes it to certain shining mol- 
hiscfe, which emit light at <pleasurey and to tibe de- 
composed parts of dead medus8B, &c.* We have 
elsewhere curs(»ily noticed the properties of certun 
phosphorescent bodies. (iSfee p. &L) 

Phosphoretted hydrogen may be employed in£0|ne 
simple experintents. Thus, when bubbles of it are 
sent up into a jar of oxygen, they bum* with much 
splendour: in chlorine, also, they bum with a befLuti- 
ful pale blue light. ^ 

fVhy are brimstone matches used in phmphoric fire- 
boxes 7 

Because the sulphur of the match teadily combines 
with the phosphorus in the bottle, by friction against 
cork or wood, and inflames: indeed, phosphorus and 
sulphur combined are more inflammable than phos- 
phorus. - 

Why is it difficult to li^ht paper by the fianie of phos- 
phorus f 

Because the paper becomes covered and protected 
by the acid formed by the combustion of the phospho- 

•▼■ — ■ k ' ^ — -— — — * . ■ ■• 

. * The best rec(uit paper on the subject (for the controversy ii atU] 
Hfe among naturalists) will be foUnd in the Mojraiine of//'a/tm,ral jaSt- 
*«^, for Jflly, 1830. ^ 
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ma. Whai perfeedy dry, phoephonis inflames M * 
temperature of 60°. 

fFhtf is ffit plKnmaenon caStd "fnO^'-ffu-ffup" 
firoducedl 

Because of the phosphuretted hydrogen ^ in stag- 
— t watera and marshy grounds; itt origin being 



of this gas. 

ff Ay dot* coaL, ii^ected tn dote ve$»da to a red htali 
produce goat 

Bet^UHe the carbon and intumen, of which die coal 
coDBisca, thus become yolatilized ; and hydrogen, hiMr 
ing carbon ineolution,i8ther<«ult:thiB gas, combining 
with the oxygen of the etmoephere, produces combus- 
tion and flame. These gaeeoue piraducta contain also 
more or less sulphuretted hydrogen, and carlionic oxide 
and acid. Dr. Henry cDocaives that gas to have the 
greatest iHumuiaiing power, which, in a pven nriume, 
ctMuumea the largest quantity of.oxygm. 

Dr. Clapton seems to Itave been the first who per- 
formed this experiment, with the view of artificial lUu- 
mination ; though its amilieation to economical pur- 
poses was unaccountably neglected fiir about sixty 
^ears. At length, Mr. Murdoch, of the SohoFoimdry, 
iQstituted.B series ol' ju Jit'lous txppriuiciiifi on the ev- 
Iricatton of gas f^jii the ignited coal ; antl Bucceedtnt 
in eslablishing one of the most capital iitjprovemonlB 
which the arts of life have ever derived from philoso- 
phical research anii an^ncity.— (7re. 

The coal is placi'd in o!)long .cimt-iron cyliuders or 
rctnits, which are rtiugvd iu lurnuccs, to keep ilieui at 
a red heat, and all ih'. volalile products are conveyed 
by a common tube iiuo n condensing vesssl, kepi cokl 
by immeraion in v> atai* ; and iu ivhich, the water, tarj 



pitch, ammoiiiacaj and other condemable vapours, are 
retained. — Brande, 

The production of hydrogen gas in a tobacco-pipe, 
by fining the bowl with powdered coal, then hiung it 
over, and placing it in a fire, — is well known ; but even 
more femiliar are the alternate burBting out and ex- 
tinction of those burning jetH of pitchy vapour, which, 
BB Dr. Aniott aptly observes, "contribute to render a 
common fire an object bo lively, and of such agreeable 
contemplation in the winter evenings." 

ffla/ vnu gat adopted in toSon-milU toon after, it» 
mtMnJum? 

Because of the peculiar sofliteBB, clearnen, and un- 
varying iutensity of its light. Its being iree ironi the 
inconvenience and danger resulting m>m the sparkB 
and fi^quent anuffing of candles, is a circumstance of 
material importance, tending to diminish the hazard 
of fire, and leosening the high insurance premium on 
cotton-mills. 

Mr. Brande iUdetratea the economy of gaa iUumina- 
tion, t>y exonuning the value of the products of distil- 
lation of a chaldron of coals, the average cost of which 
may be considered as £3: It should afford 

aCbUdmu of Coke, S( eO> £15 
atlloniorTuinilADiinontwBlLlquorUlil.O 3 
l«Ncill)leAatDrGu,ul3i. periood. F. . 7 IG 

The histi>i7 and economy of gas-lighting have been 
copiously illustrated in several volumes exclusively 
devoted to the subject ; as well as by the experiment- 
ing skill of some eminent chemists, as Messrs. Henry, 
Brande, Ure, Aceum, and others. From one of these 
works, aided by the Reports of the late Sir William 
Congreve, we learn that in the year 1814 there was 
only one gasometer in Peter-street, Westminster, of 
14,000 cubic fbet, belonging to the Chartered Gas 
.Light Company, then the on!^ company established in 
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LondoB. In 1827 there were four great companies^ 
having, altogether, gasometers at work capable of con- 
taining in die whole 917,940 cubic feet of gas, sup- 
plied by 1,315 retorts, and these consuming ^,000 
chaldrons of coal in the year, producing 41,(K)0 chal- 
drons of coke ; the whole quantity of gas generated 
annuaHy being upwards of ^7,000,000 cubic feet ; by 
which 61,203 private, and 7,268 public or street, lamps 
sre lighted, in the metropolis. In addition to these 
great companies, there were several private establi<^b- 
ments, whose operations are not included in the fore- 
going statements ; for, it appears that where more than 
fifty li^ts are required, a coid-gas apparatus will be 
found profitable. Thus, the ^ for the office of the 
MwningChromde newspaper is made on the premises. 
According to Mr.' Murdoch's statement, presented to 
Ae" Royal Society, 2,500 feet of gas were generated 
from 7 cwt= 784 lb. of cannel coal. This is nearly 
Zh cubic feet for every pound of coaJ, and indicates 
judicious management. The price of the best Wigan 
cannel S» 13^d per cwt delivered at Manchester; or 
about 8». for die 7 cwt. About one-third of tlie above 
quantity of good c6n^mon coal, at 10^. per ton, is re- 
quired' for fuel to heat the retorts. Nearly two-thirds 
of the weight of the coal remain in the retort, in the 
form of coke, which id sold on the spot at Is. 4d. per 
cwt. The quantity Of tar produced from each ton of 
cannel coal, is from 11 to 12 ale gallons. This tar is 
now extensively used as paint for out-buildings, &c. ^ 
end the ammoniacal liquor, also a result of die process, 
is tiuned to still more advantageous account, in the 
manufiictore of carbonate of ammonia ; {seep. 119) so 
that nothing is lost. 

Why is tt necessary (hat the cylinders or retorts should 
heredhotf " ^ 

Because the gas may be produced instandy the coals 
are introduced. I^ on the other hand, coal be put 
into a coal retort, and slowly exposed to heat, its bitu- 
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men is merely volatilized, in the state of condensable 
tar. Little gas, and that of inferior illuminating power^ 
is then produced. 

ffhy does coke hum tnUhout smoked 

Because it is the distilled coal remaining in ttie re^ 
torts after the above process, and is consequently freed, 
from all gases and vapours. Dr. Amott observes^ tha| 
**a pound of coke produces nearly as much heat as a 
pound of coal ; but we must remember that a nound 
of coal gives only three-quarters of a pound of coke^ 
although the latter is more bulky than the former." 

Wtm are ihe gaseous products passed through quick' 

Because the sulphuretted hydrogen, and earfoonie 
oxide and acid, may thus be ansorbed ; while the car- 
buretted hydrogen gases are transmitted sufficiently 
pure for use iato gasometers, whence the pipes issue 
for the supply of streets,, houses, &c. 

Whf is a gasometer so cttUedf 

Because it enables the miuiu&cturerB of gas to mete^ 
or measure, with accuracy, the quantity ef gas ex- 
pended, in proportion to the number of jets or burners 
made use of. The essential conditions of any appara- 
tus for thi8 purpose, are, that the pressure on the gas, 
while passing through the measurer, shall at aA times 
be uniform : and that it shall register truly when that 
pressure is very small, and when the curreni of gas is 
very feeble. . 

The gas is conveyed or laid on to the premises of the 
consumers,, bv pipes called mains, which, in London, 
in the year 1824, extended 900 miles. Other methods, 
have, however, been adopted for its conveyance ; and, 
in 1827, there was at Manchester an itinerant gaso- 
meter, capable of holding more than 1000 cubic feet 
of eas ; this being mpunte4 lipon wheels, and filled 
with gas from the gasometer at the worki?, was trans- 
ported about the streets of Mai^chester, «Mitf delivered 
into the gas-hoidera of the Company's cuslon^ers, 
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Wkif %9 U imoorUmt Vud the holes in the gas-burner 
be fhi foo larg^ i 

Because, if this point be not attended to, the gas will 
be incompletely burnt. Increased length of flame 
makes imperfect combustion, and diroinisned intensity 
of light. 

Mr. Accum gives the following interestinff statement 
of gas-burners. ^ An argand burner, which measures 
in me upper rim half an mch in diameter between the 
holes fix)m which the gas issues, when furnished with 
five apertures, l-25th part of an inch in diameter, con- 
sumes two cubic feet of gas in an hour, when the gas 
flame is li inch high. The illuminating power of mis 
burner is equal to three tallow candles, eight in the 
pound. An argand burner, three-fourths of an inch 
m diameter, as above, and perforated with holes l^SOth 
of an inch in diameter (probably fifteen in number) 
consumes three cubic feet of gas in an hour, when the 
flame is 2| inches high ; giving the light of four can- 
dles, eight to the pound. And an argand burner, 
seven-eighths of an inch diameter, as above, perforated 
with eighteen holes, l-32nd of an inch diameter, con- 
sumes, when the flame is three inches hi^ four culnc 
feet of gas per hour, producingthe h^ht of six fiiBow 
candles, eight to the pound. The height of the glass 
chimney should never be less than five inches. 

Why is catmd coal best oiafM for disHUaiionf 
Because it contains most bitumen, and least sulphur. 
A pound of good cannel coal, properly treated in a 
small apparatus, will yield five cubic feet of gas ; equi- 
valent in illuminating power to a mould candle, six 
in the pound. On a great scale, however, 3i cubic 
foet of good gas are all that should be expected fit>m 
one pound of coal. A gaS jet, wrhich consqmes l^akf a 
cubic foot per hour, affords a steady light e^^ial to that 
Qf the above candle. ,,, . , 

fflof does carbweited h^drageni give mdi flfuru^ t^ 
c»nlb^8t^0Hy mudi more %U Iftwt 1^ wbcarim^tUfi^ 



m 
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Because of the larger quantityof caibon dise]iffa|;ed 
by the former; but if the mixture widi oxygen be in 
such proportions as at once to bum the whole of the 
charcoal m its gaseous combinations, without previous 
deposition, the light becomes blue, and is giWdyre* 
duced in intensity. 

H7iy %a the Jlame of a candle of various colours 1 
Because of the different stages of combuBtion in it* 
Thus, at the bottom part, where the inflammable gases 
are given off in the smallest quantity, and where they 
are most intimately mixed with the air, the combuB- 
Uon is at once complete, and the light is blue and &int ; 
the Qontre part, where the particles of charcoal, oi^niup 
to a locis acunixture of oxygen, are thrown off in asolia 
State, and become incandescent before they are finally 
burnt, is white and highly brilli0nt ; and the upper, 
whore the charcoal is in still greater quantity,, and 
much of it finally escapes combustion, is red aixd duU^ 
aa la seen when a canole requires snuffing. 

Ht* Ure, a few years since, made a set of ej^nmentfr 
on the relative intensities of Hght, and duration of di^ 
ftorent oandles, t)ie result of which is contained in the 
Mowing table :— 



Number in A 
pound. 



lOMouia 
10 Dipped 

8 Mould 

6 ditto 

4 ditto 
ArgMid oU 
Flame. 



Duration 

of a 
Candle. 



Sli. 9 m. 

4 sa 

6. 31 



7 
% 



9i 
36 



Weight 

in 
graiiui. 



688 

67SI 

866 

1160 

1787 



Grs. con- 
sumed 
per boor. 



133 
150 
133 
163 
186 

519 



Propor- 
tion of 
Uglit. 



Econo 
my of 
lights 



68 



66 
80 

100 



Candies 
equal ]^ 
Argand. 



5.7 

5.35 

6.6 

5.0 

9:5 



••WW. 



Wky (h those flamed, ufhose ptifducfy are ordy gaseous 
matUr^ give very little lighif 

Because the quantity of light tdiich flame emits is 
dependent upon the incandescence of minute particles 
of BoM matter^ which <are thrown off during combqe- 
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den. The light of a stream of ignited hydrogen is 
scarcely visibre in the day-light ; but if a small coil of 
platmum wire be suspeilded in it, or some solid body, 
m very fine powder, such as the oxide of zino^ be pro- 
jeeted through it, it becomes very luminous. 



OIL eJU9. 



Whf ia oU f^ cheaper than coal gas f 
Because punfied coal gas seldom contains more than 
40 per cent, in volume of olefiant gas, while oil gas 
generally affords about 75 per cent : hence its superi- 
ority for burning, and the relatively small quantity 
consumed. Thus oil, by being allowed to trickle into 
a redhot retort, half filled with coke or pieces of brick, 
to increase the heated surfiice, is decomposed, and 
3nields a large quantity of gas, which is much richer in 
carburetted hydrosen than coal gas^ and therefore 
much better fitted ror the purposes of illumination. It 
contains no mixture of sulphuretted hydrogen, and re- 

2 aires no other purification than passing tlm>ugh a re- 
igerator; and as less ofjtis reauired foe any given 
quantity of light, the atmosphere oi a room is less heated 
and contaminated by its combustion. It is, however, 
considerably more expensive than the gas fix>m coal ; 
although the first outlay of capital for a manu&ctory 
upon a large scale is less, on account of the smaller 
size of the necessary pipes and apparatus. The com- 
monest whale oil, or even pilchard-dregs, quite unfit 
fiir burning, in the usual way, afford abundance of ex- 
cellent gas. A gallon of whale oil afibrds about 90 
cubical feet of gas, of an average specific gravity of 
OJdOCy; and an argand burner, equal to seven candles, 
consumes a cubical fi>ot and a haJf per hour. Its eco- 
nomy may be judged firom the following table :«— 

Argiftid bonier, oil gaa, per hour Id. 

Argand lainiNi,spefniaceti oil 3d. 

Uoold eandlei' ^ ^ 

Wu candlei If. 9a« 
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Mr. Brande adds, that a pint of the best sperm oil, 
weighing about 13 ounces, bums, in a well trimmed 
argand, about ten hours. And by a series of experi- 
ments, conducted with every requisite caution, he 
fi)und, that to produce the light of ten wax candles for 
one hour, -there were required — 

9600 cubical inches of pure carbnretted hydrogen, or defiant gas. 

4875 oil gas. 

13120 coal gas. 

Why ia oil used hy the Portable Gas Company f 
Because they are enabled to compress the gasfeous 
matter obtained from oil to about one-thirtieth of Its 
volume, or into a certain new liquid compound, colour- 
less or opalescent, yellow by transmitted, green l^ re- 
flected light ; and combustible, burning with a dense 
flame. Hence its portability. When the bottle con- 
taining it is opened, evaporation takes place from the 
surface of the liquid ; but this vapour soon ceases, and 
the remainder is comparatively fixed. 

Why is ga^ from wood bvt Ml adapted for iUuminor 

Because it is so deficient in the compounds of car- 
bon and hydrogen. In manufactories, however, of 
charcoal in iron retorts, for the making of gunpowder, 
the gas which is given off is led by a pipe under the 
cylinders, and is economically employed in maintain- 
ing their heat. 

ROSIN GAS. 

Why is rosin ^as even more advantageous than oUgas ? 

Because rosin is of lower price, and less liable to 
fluctuations of value, than oil : indeed, the cost of the^ 
gas is stated at one-fourth that of oil ; and the iUumi- 
nating power of rosii> gas, when compared with that 
from ooal, is aa twQ and a half to one, while it is ol^ 
greater purity than that from cool or oil. 

For the ori^ of this improvement we are indebted 
to Mr. J. F. Daniell, the distinguished meteorologist :• 
his mode of treating the rosin is, to dissolve by fentie 
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heat About 8 lbs. in a gallon of the essential oil, which 
is plentifully fonned during the composition of oil for 
making gas, or of rosin itself. This solution was al- 
lowed to trickle into ihe heated retort half filled with 
coke : ifaHs, fi^m 1000 to 1200 cubit feet of gas are 
obtained from 1 cwt of rosin, and rather more than 
the original quantity of volatile oil is condensed, which 
is again employed for the solution. Mr. Daniell pa- 
tented this means about three years since, and an ap- 
paratus on the plan has been erected by M. Martineau 
for the London Institution. 

The burners consume about 1000 cubit feet of gas 
per day, obtained by 100 lbs. of common rosin, at about 
6^., dropped with oil of turpentine on heated iron 
cylinders, in the proportion of 10 gallons of turpentine 
to 100 lbs. rosin ; but the cost of me turpentine is not 
included in the 6s,y as the same oil may be used over 
and over again, for any length of time. 

Mr. Brande thus illustrates the advantages of rosin 
gas: — "The sources of supply are as inexhaustible, 
and more generally distributed, than those of the coal; 
and tlie forests of America, France, Spain, and Italy, 
yield the turpentine in quantities only limited by ihe 
demand. Many large towns in this country, in Ame- 
rica, France, Holland, and the Netherlands, have al- 
ready adopted the use of this gas. The elegance and 
simplicity of the manufacture, and the comparatively 
small capital required for the erection of the works, 
will also give it the preference in the creation of new 
establishments." 

Returning to the comparative value of different 
hydro-carbu retted gases, for the purpose of illumina- 
tion, it seems evident, from Dr. Henry's experience, 
that, whatever be their source or composition, it may 
be most accurately determined by the quantity of oxy- 
gen required to ^turate equal volumes. In other 
words, quotes Mr. Brande, the illuminating powers of 

ii2 
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the .ctifferaat gases will be proportioned to tbe aunbto 
of volumes of the gaseous carbon condensed ittto ose 
volume of the gas; and of these, the oxysen confiaun- 
ed, and due carbonic acid produced, ajQS^rd an aceurate 
measure. 

GnmEOCTAMC ACID. 

ffhy is hydrocyanic acid so caUed^ 

Because it consists of hydrogen, and a gaseous com- 
pound, cyanogen, so styled by M. Gay Lussac, because 
It is the principle which generates blue, from two 
Greek words, signifying the blue-maker : or it may be 
obtdned by means of Prussian blue ; whence it is also 
called prussic add. The acid thus obtained, has a 
strong pungent odour, very like that of bitter almond ; 
its taste is acrid, and it is highly poisonous, so that the 
inhidation of its vapour should be avoided. It volati- 
lizes so rapidly as to freeze itself. 

From the experiments of M. Majendie, it appears, 
that the pure hydrocyanic acid is the most violent of 
all poisons. When a'rod dipped into it is brought in 
contact with the tongue of an animal, death ensues 
before the rod can be withdrawn. If a bird be held a 
moment over the mouth of a phial contauung this acid, 
it dies. In the Annodts de Chimie ibr 1814, we find 
this notice : M. B., Professor of Chemistry, left by ac- 
cident upon a table, a flask containing alcohol im- 
pregnated with prussic acid ; the servant, enticed bv 
the agreeable flavour of the liquid, swallowed a smaU 
glass of it In two minutes, she dropped down dead, 
as if struck with apoplexy. 

Hydrocyanic acid may generally be detected by its 
very peculiar odour. Scheele supplies this test : to the 
suspected Uquid add a solution of green vitriol or cop- 
peras, and afterwards drop in pure potassa in slight 
excess, and afler a short exposure to the air, redissoTye 
die precipitate in muriatic acid. If hydrocyanic acid 
be present, the tint of prussian blue will appear. By 
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tfaia meims one ten-thousandth part of the acid may be 
detected in water. Another test, in which copper is 
used, will) however, detect one twenty-thousandth of 
tile acid in water. We must render the liquid con-> 
taioing the hydrocyanic acid' slightly alkaline with 
potash, add a few drops of sulphate oi copper, and af- 
terwards sufficient muriatic acid to redissolve the ex- 
cess of oxide of copper. The liquid will appear more 
or less milky, according to the quantity of hydrocyanic 
acid present. M. Orfila recommends nitrate of silver 
•as a test, by which the acid will be precipitated in the 
fbim of cyanure of silver. 

PROPERTIES OF METALS. 

Why did the ancierUs designate the seven metals 
knoum to them by the names of the planets'^ 

Because they were supposed to have some hidden 
relation : each being denoted by a particular symbol, 
representing both the planet and the metal. 

Gold . . . was tbe ...» Sun. 

fiilrar Moon. 

Mercury Mercury. 

Copper Venus. 

Iem . . . ; Mara. 

Tin Jupiter. 

Lead Saturn. 

Why are some metais called ntUivef 

Because they occur pure oi* alloyed, and have but a 
feeble attraction for oxygen ; such as .platinum, gold, 
silver, mercury, and copper. Metals are also found 
combined with simple supporters of combustion ; the 
chief of these are metallic oxides. Metals combined 
with simple inflammables, include native metallic sul- 
phureta. Metals in combination with acids, include 
metallic Bahs.-^bridged jfrom Brande, 

Why are some metals called native alloys 7 
Because they are foun4 combined with other metals. 

Why are metals refined hyjiref 

Because advantage is taken of some property in 
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which the metal operated upon may differ from thoerci 
with which it is alloyed, of fit>m which it is dea^ed td' 
separate it These differences may consist of the faci' 
lity or difficulty of oxidation ; in their tendency to to-^ 
latilize; in the temperature required for fusion, and 
in their relative specific gravities- 
Metals, when exposed to the action of ozygen, chlo-^ 
rine, or iodine, at an elevated temperature, genen^ly 
take fire, and, combining with one or othee of these 
three elementary dissolvents, in definite proportions, 
are converted into earthy or saUne-looking bodies, 
devoid of metallic lustre and ductility, called oxides, 
chlorides, or iodides. 

Why have the metais, as a dasa^ a peculiar lustre^ 
Because of their great power of reflecting light, in 
consequence of their opacity. Mr. Brande observes: 
''their opacity is such, that, when extended into the 
thinnest possible leaves, they transmit no light ; silver- 
leaf, only one hundred-thousandth of an inch in thick- 
ness, is perfectly opaque. Gold is perhaps the only 
exception, which, when beaten out into leaves one 
two-huudred-theusandth of an inch in thickness, trans* 
mits green rays of light." 

Whif are (A« polished metals pfiCkduaiy JU foii hurtl- 
ing mtrrorsf 

Because they are very imperfect radiators, and re- 
ceivers of heat, but excellent reflectors both of light 
and heat 

PdTASSniM. 

Ifhy is potassOim not found in an uncombined staU% 
Because of its great affinity for oxygen. All that 
has hitherto been obtained has been procured by che- 
mical means firom the potash of commerce. 

Why. did Sir H. Davy discover potassium by the 
^fg^ncy of VoUaic dedricity upon pure potash f 

Becaflse he was thus enabled to detach the oxygen, 
and then the alkaline base appeared in small bubbles. 



boTiDf the lustre iuid outward eherteteili of quick- 
BJlver. 

Why %8 poitauvum impwUxnt to ffit phUosophical che- 
ndgti 

Because it is capable of detecting and sepunting 
oxygen wherever it may exist, and howeyer intimate 
an4 energetic may be the nature of its combinations. 
By its me^ns water may be detached from the most 
highly rectified alcohol and ether ; and, by its decom- 
position, hydrogen gas will be evolved. Potassium 
also combines with phosphorus, sulphur, and hydro^ 
gen ; it forms metallic alloys with gold, silver, mercu- 
ty, and some other metals; at a red heat it will de- 
(eompdee glass ; and is even capable of reducing all the 
metaUic oxides.— PecrArea. 

Potassium was discovered in 1807, by Sir Humphry 
Davy: he obtained it by submitting caustic potassa, 
or potash, to the action of Voltaic electricity ; the nl^tal 
was slowly evolved at the ne^tive pole. Gay Lussac, 
and Th^narrl, first procured it byheatinff iron turnings 
to whiteness in a curved gun-barrel, and melting pot- 
ash to come in contact with the turnings, when, air 
being excluded, potassium vras formed, and collected 
in the cool part of tha tube. 

PVhy does poiassium bum with a beenoy^ Jlame on 
water? 

Because the potassium decomposes the water and 
absorbs the oxvgen, while the hydrogen of the water 
escapes and takes fire by the heat which the rapidity 
of the action prodi>ces. 

Why does stdphuric acid, when dropped on eUorate 
ofpolassa, cause U to tgnUe? 

Because of the evolution of oxide of chlorine. A 
mixture of sulphuret of antimony, and the salt sud- 
denly deflagrates with a bright puff of flame and 
smoke. Matches tipped with this inflammable mix- 
tui^ are now in common use, and are inflamed by 



ISO KNOWLEDGE FOR THE PEOPLE. 

men is merely volatilized, in the state of condensable 
tar. Little eas, and that of inferior illuminating power^ 
is then produced. 

fFhf does coke hum wUfunU smoke ? 

Because it is the distilled coal remaining in tlie te^ 
torts after the above process, and is consequently freed 
from all gases and vapours. Dr. Amott observes^ tfai^ 
"a pound of coke produces nearly as much heat as a 
pound of coal ; but we must remember that a pound 
of coal gives only three-quarters of a pound of coke» 
although the latter is more bulky than the former." 

fVh^ are the gaseous products passed thrwgh quick- 
lime and ufoter f 

Because the sulphuretted hydrogen, and carbonic 
oxide and acid, may thus be alisorbed ; while the car- 
buretted hydrogen gases are transmitted sufficiently 
pure for use mto gasometers, whence the pipes issue 
for the supply of streets,, houses, &.c. 

ffhjf is a gasmnder so eaUedf 

Because it enables the mmu&cturers of gas to meU^ 
or measure, with accuracy, the quanti^ of gas ex- 
pended, in proportion to the number of jets or buraers 
made use of. The essential conditions of any appara- 
tus for thi$ purpose, are,, that the pressure on die gas, 
while passing through the measurer, shall at att times 
be uniform : and that it shall register truly when that 
pressure is very small, and when the curreni of gas is 
veiy feeble. 

The gas is conveyed or laid on to the premises of the 
consumers,, bv pipes called mainsy which, in London^ 
in the year 1824, extended 900 miles. Other methods^ 
have, however, been adopted for its conveyance ; and, 
in 1827, there lyas at Manchester an itinerant gaso- 
meter, capable of holding more than 1000 cubic feet 
of gas ; this being mounted lipon wheels, and filled 
with gas from the ^sometef at the workS} was trans- 
ported about the streets of Manchester, aufl delivered 
Into the gas-holdei's of the Company^ custon^ers, 
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Why is it inworlant thai the holes in the gas-hurmr 
be not too large 7 

Because, if this point be not attended to, the eas will 
be incompletely Dumt. Increased leneth of flame 
makes imperfect combustion, and dirainisned intensity 
of light. 

Mr. Accum gives the following interesting statement 
of gas-burners. ^ An arpmd burner, which measures 
in me upper rim half an mch in diameter between the. 
holes m>m which the gas issues, when furnished with 
five apertures, l-25th part of an inch in diameter, con- 
sumes two cubic feet of jras in an hour, when the ffas 
flame is li iAch high. The illuminating power of this 
burner is equal to three tallow candles, eight in the 
pound. An argand burner, three-fourths of an inch 
m diameter, as above, and perforated with holes 1-dOth 
of an inch in diameter (probably fifteen in number) 
consumes three cubic feet of gas in an hour, when the 
flame is 2^ inches high ; giving the light of four can- 
dles, eight to the pound. And an argand Immer, 
seven-eighths of an inch diameter, as above, perforated 
with eighteen holes, l-32nd of an inch diameter, con- 
sumes, when the flame is three inches high, four cubic 
feet of gas per hour, producingthe light of mx tiillow 
candles, eight to the pound. The height of the glass 
chimney should never be less than five inches. 

Why is carmd coat best adtifited for distillation f 

Because it contuns most bitumen, and least sulphur. 
A pound of good cannelcoal, properly treated in a 
small apparatus, will yield five cubic feetof gas ; equi- 
valent in illuminating power to a mould candle, six 
in the pound. On a great scale, however, ^ cubic 
feet of good gas are all that should be expect^ fit>m 
one pound of coal. A gas jet, which consqmes ];ialf a 
cubic foot per hour, aflbrds a steady light equal to that 
of the above ciandle. ,^^ . , 

ffliy does carbweUe^ hydfcgem gwe out, (fm'uWr t^ 
combustion^ nwdi tnonji^ Mim 4he subcarim^tlet^. 
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Because of the larger quantityof carbon disensi^^ 
by the former; but if the mixture wkh oxygen be in 
such proportions as at once to bum the whole of the 
charcoal in its gaseous combinations, without |H'evious 
deposition, the light becomes blue, and is g^staJdy re- 
duced in intensity. 

Hliy is the Jkane of a candle of tMariovA cohurs i 
Because of the different stages of combui^ion in iL 
Thus, at the bottom part, where the inflammable gases 
are given off in the smallest quantity, and where they 
are most intimately mixed with the air, the combtts- 
tionis at once complete, and the light.is blue and faint ; 
the centre part, where the particles of charcoal, owins 
to a less aomixture of oxygen, are thrown off in a, solid 
State, and become incandescent before they are finally 
burnt, is white and highly brilliimt ; and the upper, 
wliere the charcoal is in still greater quantity,, and 
much of it finally escapes combu^ion, js red «d^ duU^ 
as is seen when a candle requires snurong. 
. , Dr. l/re, a few years sinc^ made a set of eitperimenti^ 
on the relative intensities of light, and duration of dilP 
ferent candles, t)ie result of which is contained in the 
following table : — 



Number Ia a 
pound. 


Duration 

of a 
Candle. 


Weight 

in 
graifuk 


Gn. con- 
sumed 
perlioiar. 


Propor- 
tion of 
Ugbt. 


Econo- 
my of 
lights 


Candiee 

equal! 

Argand. 


;tO Mould 
10 Dipped 

8 Mould 

6 ditto 

4 ditto 
Argandoil 
Flame. 

t w 


5^11. 9 m. 
4 36 
6. 31 
7 9| 
% 36 


688 
679 

856 
1160 
1767 


133 
160 
.133 
163 
186 

519 


19| 

13 

141 
69.4. 


68 

66 
80 

100 


5.7 

5.35 

6.6 

5.0 

3.5 

« 



Why do those flametf^ tiUhose pti>ducfy are ordy gaseous 
tnaUerj give very lit&e light f 

Because the quantity of ligl^ Which dame emits is 
dependent upon the iocendescenceef minute particles 
of soM matteri^ which «re thrown off during combiis- 
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den. The lieht of a stream of ignited hydrogen ig 
flcaf eely viBMe in the day-light ; but if a small coil of 
platmum wire be suspended in it, or some solid body, 
m very fine powder, such as the oxide of zinc^ be pro- 
jected through it, it becomes very lummous. 

OIL OAS. 

Wh^ is oU ^as cheaper them cocilgasf 
Because punfied coal gas seldom contains more than 
40 per cent in volume of olefiant gas, while oil gas 
generally affords about 75 per cent : hence its superi- 
ority fi>r burning, and the relatively small quantity 
consumed. Thus oil, by being allowed to trickle into 
a redhot retort, half filled with coke or pieces of brick, 
lo increase the heated surface, is decomposed, and 
yields a large quantity of gas, which is much richer in 
carburetted hydrogen than coal gas^ and therefi>re 
much better fitted ror the purposes of illumination. It 
contains no mix^re of sulphuretted hydrogen, and re- 
quires no other purification than passing tlm>ugh a re- 
mgerator ; and as less of Jt is required fcm any given 
quantity of light, the atmosphere of a room is less heated 
and contaminated by its combustion. It is, however, 
considerably more expensive than the gas fix)m coal ; 
although the first outlay of capital for a manu^tory 
upon a large scale is less, on account of the smaller 
e[ize of the necessary pipes and apparatus. The com- 
monest whale oil, or even pilchard-dregs, quite unfit 
fi>r burning, in the usual way, afford abundance of ex- 
cellent gas. A gallon of whale oil afibrds about 90 
Qubical feet of gas, of an average e^cific gravity of 
0.000^; and an argatid burner, equal to seven candles, 
consumes a cubical fi)et and a half per hour. Its eco- 
nomy may be judged fit>m the following table :— 

Argtfbd butner, oil gas, per hour id. 

ArgBnd lampfl, tpefmacetl oil 3a. 

Uoold eimdler ^ 9| 

Wax eaaaiM It. 93. 

»ABt til. If 
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Mr. Brande adds, that a pint of the best sperm oil, 
weighing about 13 ounces, bums, in a well trimmed 
argand, about ten hours. And by a series of experi- 
ments, conducted with every requisite caution, he 
found, that to produce the light of ten wax (handles fi>r 
one hour, there were required — 

Si600 cubical inches of pure carbnretted hydrogen, or defiant gat. 

4875 . oil gas. 

13120 coal gas. 

Why is oil used hy the Portabh Gas Company f 
Because they are enabled to compress the gaseous 
matter obtained from oil to about one-thirtieth of Its 
volume, or into a certain new liquid compound, colour- 
less or opalescent, yellow by transmitted, green l^ re- 
flected light ; and combustible, burning with a dense 
flame. VLence its portabUiiy, When flie bottle con- 
taining it is opened, evaporation takes place from the 
surface of the liquid ; but this vapour soon ceases, and 
the remainder is comparatively fixed. 

Why Js gas from xoood hid HI adapted for iUumina- 
tion^ 

Because it is so deficient in the compounds of car- 
bon and hydrogen. In manufactories, however, of 
charcoal in iron retorts, for the making of gunpowder, 
the gas which is given off is led by a pipe under the 
cylinders, and is economically employed in maintain- 
ing their heat. 

ROSIN GAS. 

Why is rosin ^as even more advaidageous than oil gas ? 

Because rosin is of lower price, and less liable to 
fluctuations of value, than oil : indeed, the cost of the^ 
gas is stated at one-fourth that of oil ; and the illumi- 
nating power of rosin- gas, when compared with that 
from coal, is as, tw9 and a half to one, while it is of^ 
greater purity than that from coal or oil. 

For the ori^ of this improyement we are indebted 
to Mr. J. F. Daniell, the distinguished meteorologist ;< 
his mode of treating the rosin is, to dissolve by fentie 
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heat about 8 lbs. in a gallon of tbe essential oil, which 
is plentifuHy fonned during the composition of oil for 
making gas, or of rosin itself. This solution was al- 
lowed to trickle into tbe heated retort half fiUed with 
coke : Ifatts, from 1000 to 1200 cubit feet of gas are 
obtained from 1 cwt of rosin, and rather more than 
the original quantity of volatile oil is condensed, which 
Is again employed for the solution. Mr. Daniell pa- 
tented this means about three years since, and an ap- 
paratus on the plan has been erected by M. Martineau 
for the London Institution. 

The burners consume about 1000 cubit feet of gas 
per day, obtained by 100 lbs. of <;ommon rosin, at about 
6^., dropped with oil of turpentine on heated iron 
cylinders, in the proportion of 10 gallons of turpentine 
to 100 lbs. rosin ; but tbe cost of me turpentine is not 
included in the Gs,, as the same oil may be used over 
and over again, for any length of time. 

Mr. Brande thus illustrates the advantages of rosin 
gas: — "The sources of supply are as inexhaustible, 
and more generally distributed, than those of the coal ; 
and the forests of America, France, Spain, and Italy, 
yield the turpentine in quantities only limited by the 
demand. Many large towns in this country, in Ame- 
rica, France, Holland, and the Netherlands, have al- 
ready adopted the use of this gas. The elegance and 
simplicity of the manufacture, and the comparatively 
small capital required for the erection of the works, 
will also give it the preference in the creation of new 
establishments/' 

Returning to the comparative value of different 
iiydro-carburetted gases, for the purpose of illumina- 
tion, it seems evident, from Dr. Henry's experience, 
that, whatever be their source or composition, it may 
be most accurately determined by the quantity of oxy- 
gen required to ^turate equal volumes. In other 
words, quotes Mr. Brande, the illuminating powers of 

ii2 
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the ^ffereuQt gases will be proportioned te tbe aunbto 
^f ¥olumes iOf the gaseous carbon condensed iato ose 
volume of the gas; and of these, the oxysen confiaun- 
ed, and due carbonic acid produced, ajQS^rd an aoeurate 
noeasure. 

HTDROCTUraC ACID. 

Wk^ is hydrocyanic acid so called 9 

Because it consists of hydrogen, and a gaseous com- 
pound, cyanogen, so styled by M. Gay Lussac, because 
It is the principle which generates blue, from two 
Greek words, signifying the blue-maker : or it may be 
obtained by means of Prussian blue ; whence it is also 
called prussic acid. The acid thus obtained, has a 
strong pungent odour, very like that of bitter almond ; 
its taste is acrid, and it is highly poisonous, so that the 
inhalation of its vapour should be avoided. It volati- 
lizes so rapidly as to freeze itself. 

From the experiments of M. Majendie, it appears, 
that the pure hydrocyanic acid is the most violent of 
all poisons. When arod dipped into it is brought in 
contact with the tongue of an animal, death ensues 
before the rod can be withdrawn. If a bird be held a 
moment over the mouth of a phial containing this acid, 
it dies. In the Jhirudes dt CKimie ibr 1814, we find 
this notice : M. B., Professor of Chemistry, left by ac- 
cident upon a table, a flask containing alcohol im- 
pregnated with prussic acid ; the servant, enticed bv 
the agreeable flavour of the liquid, swallowed a smaU 
glass of it In two minutes, she dropped down dead, 
as if struck with apoplexy. 

Hydrocyanic acid may generally be detected by its 
very peculiar odour. Scheele suppUes this test : to the 
suspected liquid add a solution ot green vitriol or cop- 
peras, and afterwards drop in pure potassa in slight 
exceed, and after a short e^^osure to the air, redisBo] ve 
die precipitate in muriatic acid. If hydrocyanic acid 
be present, the tmt of prussian blue will appear. By 
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tfaid means one ten-thousandth part of the acid may be 
detected in water. Another test, in which copper is 
used, will) however, detect one twenty-thousandth of 
the acid in water. We must render the liquid con- 
taining the hydrocyanic acid' sUghtty alkaline with 
potash, add a few drops of sulphate of copper, and af- 
terwards sufficient muriatic acid to redissolve the ex- 
cess of oxide of copper. The liquid will appear more 
or less milky, according to the quantity of hydrocyanic 
acid present. M. Orfila recommends nitrate of silver 
•as ft test, by which the acid will be precipitated in the 
ibnn of cyanure of silver. 

PROPERTIES OF METALS. 

Why did the ancients designate the seven metals 
knoum to them by the names 07 the planets^ 

Because they were supposed to have some hidden 
relation : each being denoted by a particular symbol, 
representing both the planet and the metal. 

Gold . . . was Uio . . . • Sun. 

fiilrar • • • • Moon. 

Mercury Mercury. 

Copper Yenu9. 

IbMi Mara. 

Tin , Jupiter. 

Lead Saturn. 

ffhy^ are som/e metals called native ? 

Because they occur pure or alloyed, and have but a 
fefeble attraction for oxygen ; such as .platinum, gold, 
silver, mercury, and copper. Metals are also found 
combined with simple supporters of combustion ; the 
chief of these are metaUic oxides. Metals combined 
with simple inflammables, include native metallic sul- 
phureta. Metals in combination with acids, include 
metallic salts. — Abridged from Brande. 

Why are some metals called native alloys^ 
Because they are found combined with other metals. 

Why are fnetals r^ned by Jive f 

Because advantage is taken of some property in 
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which the metal operated upon may differ from thoerci 
with which it is alloyed, or fit>m which it is desired to* 
separate it These differences may consist of the faci^ 
lity or difficulty of oxidation ; in their tendency to vo-^ 
latilize; in the temperature required for fusion, and 
in their relative specific gravities* 

Metals, when exposed to the action of oxygen^ chlo-^ 
rine, or iodine, at an elevated temperature, genen^ly 
take fire, and, combining with one or othee of these 
three elementary dissolvents, in definite proportions, 
are converted into earthy or saline-looking bodies, 
devoid of metallic lustre and ductility, called oxides, 
chlorides, or iodides. 

Why have the metcdSf as a daaa, a joecvliar lustre f 
Because of their great power of renectiag light, in 
consequence of their opacity. Mr. Brande observes: 
''their opacity is such, that, when extended into the 
thinnest possible leaves, they transmit no light ; silver- 
leaf, only one hundred-thousandth of an inch in thick- 
ness, is perfectly opaque. Gold is perhaps the only 
exception, which, when beaten out into leaves one 
two-huudred-theusandth of an inch in thickness, trans* 
mits green rays of light." 

Whif are the polished rnetdU peculiarly JU foi;, bum' 
ingmtrrorsf 

ISecause they are vdry imperfect radiators, and re- 
ceivers of heat, but excellent reflectors both of lig^it 
and heat. 

PdTASSniM. 

Jfhy is potassium not found in an uneombined staW^ 
Because of its great affinity for oxygen. All that 
has hitherto been obtained has been procured by che- 
mical means firom the potash of commerce. 

Why. did Sir H, Davy discover potassium by the 
agency of VoUcBic electricity upon pure potash f 

Becaflse he was thus enabled to detach the oxygen, 
and then the alkaline base appeared in small bubbles. 



having the luacra iMid oulirard ebarteteiti of quick- 

Bilver. 

Why is p€ias9wm mpwtant to ffvc pkUosopkical ekt" 
ndtti 

Because it is capable of detecting and separatiDg 
oxygen wherever it may exist, end however intimate 
an4 energetic may be the nature of its combinations. 
By its me^ns water may be detached from the most 
highly rectified alcohol and ether ; and, by its decom- 
position, hydrogen gas will be evolved. Potassium 
also combines with phosphorus, sulphur, and hydro- 
gen ; it forms metallic alloys with gold, silver, naercu- 
iry, and some other metals; at a red heat it will de- 
(;omp68e glass ; and is even capable of reducing all the 
metallic oxides. — Parkea, 

Potassium was discovered in 1807, by Sir Humphry 
Davy: he obtained it by submitting caustic potassa, 
or potash, to the action of Voltaic electricity ^ the ni^tal 
was slowly evolved at the nef^ative pole. Gay Lussac, 
and Th^nard, first procured it byiieating iron turnings 
to whiteness in a curved gun-l^rrel, and melting pot* 
ash to come in contact with the turnings, when, air 
being excluded, potassium was formed, and collected 
in the cool part of thatube. 

fFhy dees potassium hvm tbOh a beautifid Jlame im 
water? 

Because the potasnum decomposes the water and 
absorbs the oxTgen, while the hydrogen of the water 
escapes and takes fire by the heat which the rapidity 
of the action produces. 

Why does sufyhuric add^ t^tsn dropped on ddorate 
of potassa, cause U to igmtef 

Because of the evolution of oxide of chlorine. A 
mixture of sulphuret of antimony, and the salt sud- 
denly deflagrates with a bright puff of flame and 
smoke. Matches tipped with this inflammable luix- 
tui^ are now in common use, and are inflamed by 



190 KNOWLEDGE FOR THE PEOPLE. 

men is merely volatilized, in the state of condensable 
tar. Little gas, and that of inferior illuminating power^ 
is then produced. 

Why does coke hum toUfumt smoke ? . 

Because it is the distilled coal remaining in the re^ 
torts after the above process, and is consequently freed 
from all gases and vapours. Dr. Amott observes^ dia^ 
" a pound of coke produces nearly as much heat as a 
pound of coal ; but we must remember that a pound 
of coal gives only three-quarters of a pound of coke» 
although the latter is more bulky than the former." 

Wh^ are the gaseous products passed through quick' 
lime and water f ^ 

Because the siriphuretted hydrogen, and carbonic 
oxide and acid, may thus be absorbed ; while the car- 
buretted hydrogen gases are transmitted sufficiently 
pure for use iato gasometers, whenee the pipes issue 
for the supply of streets^ houses, ^. 

ffhf is a gasometer so adled^ 

Bemuse it enaUes the mmiufecturers of ga» to metCy 
or measure, with accuracy, the quantity of gas ex- 
pended, in proportion to the number (^ jets er burners 
made use of. The essential conditions of any appara- 
tus for thi$ purpose, are^ that the pressure on ^e gas, 
while passing through the noeasurer, shaU at aK titne» 
be uniform : and that it shall register truly when that 
pressure is very small, and when the current of gas is 
very feeble. . 

The gas is conveyed or laid on to the premises of the 
consumers,, bv pipes called mains^ which, in London, 
in the year Xo2), extended 900 miles. Other methods, 
have, however, been adopted for its conv^ance ; and, 
in 1827, there was at Manchester an itinerant gaso- 
meter. Capable of holding more than 1000 cubic feet 
of sas ; this being mounted upon wheels, and filled 
witn gas from the gasometer at the work^ was trans- 
portea about the streets of Mai^chester, aiifl delivered 
into the gas-holdera of the Company's custon^ers, 
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fVhy is U i$nDortant that the hoUa in the gcu-humer 
beiUfttBo Ictrge ? 

Because, if this point be not attended to, the taa will 
be incompletely Dumt. Increased length of flame 
makes imperfect combustion, and diminished intensity 
of light. 

Mr. Accum gives the following interesting statement 
of gas-burners. ^ An ar^^d burner, which measures 
in me upper rim half an mch in diameter between the. 
holes from which the gas issues, when furnished with 
five apertures, l-25th part of an inch in diameter, con- 
sumes two cubic feet of gas in an hour, when the ffas 
flame is 1^ inch high. The illuminating power of this 
burner is equal to three tallow candles, eight in the 
pound. An argand burner, three-fourths of an inch 
m diameter, as above, and perforated with holes l-90th 
of an inch in diameter (probably fifteen in number) 
consumes three cubic feet of gas in an hour, when the 
flame is 2i inches high ; giving the light of four can- 
dles, eight to the pound. And an argand humer, 
seven-eighths of an inch diameter, as above, perforated 
with eighteen holes, l-33nd of an inch diameter, con- 
sumes, when the flame is three inches high, four cubic 
feet of gas per hour, producingthe tight of six fiiliow 
candles, eight to the pound. The height of the glass 
chimney should never be less than five inches. 

Why is carmd coal best adttpted for disHUation f 
Because it contains most bitumen, and least sulphur. 
A pound of good cannel coal, properly treated in a 
small apparatus, will yield five cubic foet of gas ; equi- 
valent in illuminating power to a mould candle, six 
in the pound. On a great scale, however, ^ cubic 
feet of good gaa are all that should be expected fix>m 
one pound of coal. A gas jet, which consi^nes l^alf a 
cubic foot per hour, afiTords a steady light equal to that 
of the above CjaiuUe. ,,; . . 

fflhy does carbwettefit hyda!<tgetm give out, diwia^ t<i 
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Because of the lareer quantityof caxt>on diseiiffaged 
by the ibmier ; but if the mixture with oxygen be in 
such proportions as at once to bum the whole of the 
charcoal in its caseous combinations, without iH*evious 
deposition, tiie light becomes blue, and is grtody re- 
duced in intensity. 

HTiy 18 the flame qf a candle of various cohurs f 
Because of the different stages of combustion in it 
Thus, at the bottom part, where the inflammable gases 
are given off in the smallest quantity, and where they 
are most intimately mixed with the air, the combus- 
tion is at once complete, and the light is blue and &int ; 
the centre part, where the particles of charcoal, oi^^ine 
to a letjs admixture of ory^gen, are thrown off in ja solid 
^tate, and become incandescent before they are finally 
burnt, is white and highly brilliant ; and the upper, 
where the charcoal is in still greater quantity,, and 
much of it finally escapes combuejtion, is red and duU^ 
as is seen when a canale requires snumng. 

: Dr. Ure, a few years since, made a set of experiment^ 
on the relative intensities of light, and duration of di& 
ferent candles, t^e result of which is contained in the 
fi>llowing table : — 



Nuniberiiia 
pound. 


Duration 
ofa 


Weight 
In 


Gn. con- 
sumed 


Propor- 
tion of 


Econo- 
my of 


Candle* 
equal! 


Cimdle. 


gnliw. 


perbour. 


liglit. 


ligh^ 


Argand. 


;I0 Mould 


Ml. 9 m. 


6% 


132 


12| 


68 


5.7 


10 Dipped 


4 39 


678 


IM 


13 


^ 


5.S5 


8 Mould 


6. 31 


866 


133 


104 


6.6 


6 ditto 


7 Si 


1160 


163 


l^f 


66 


5.0 


4 ditto 


ft 36 


1787 


186 


' sn- 


80 


3.5 


Argandott 

Flame. 

> --w 






519 


69.4. 


100 


1 



Why do those flamesf, ttfhose jnifducfs are only gaseOus 
mattery ghje very IMe lights 

Because the quantity of light trfaich dame emits is 
dependent upon the incandescence (»f minute particles 
of BoM matter^ ^i<^ "are thrown off duriiig combqs- 
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tiolt The liffht of a stream of ignited hydrogen Is 
wcstetly y]s9)ie in the day-light ; but if a small coil of 
platmum wire be suspended in it, or some solid body, 
m venr fine powder, such as the oxide of zino, be pro- 
JQCted through it, it becomes very Imninous. 

OIIi GAS. 

Why %8 oU ^as cheaper than coal goaf 
Because purified coal gas seldom contains more than 
40 per cent, in volume of olefiant gas, while oil gas 
generally afibrds about 75 per cent. : hence its superi- 
ority for burning, and the relatively small quantity 
consumed. Thus oil, by being allowed to trickle into 
a redhot retort, half filled with coke or pieces of brick, 
to increase the heated sur&ce, is decomposed, and 
yields a large quantity of gas, which is much richer in 
carburetted hydroeen than coal gas^ and therefore 
much better fitted ror the purposes of illumination. It 
contains no mizdire of sulphuretted hydrogen, and re- 

2 aires no other purification than passing tlm)ugii a re- 
'igerator ; and as less of ^t is required fan any given 
quantity of light, the atmosphere of a room is less heated 
and contaminated by its combustion. It is, however, 
considerably more expensive than the gas fit>m coal ; 
although the first outlay of capital for a manufactory 
upon a large scale is less, on account of the smaller 
size of the necessary pipes and apparatus. The oom- 
monest whale oil, or even pilchard-dregs, ^uite unfit 
for burning in the usual way, afK>rd abundance of ex- 
cellent ga& A gallon of whale oil afibrds about 90 
cubical feet of gas, of an average specific gravity of 
0.900^; and an argatid burner, equal to seven candles, 
consumes a cubical foot and a h<uf per hour. Its eco- 
nomy may be judged fi*om the following table :— 

Argilbd burner, oil gu, per hour Sd. 



Argand lampe, spefmaeetf oil 
Mould candle 
Wax eanOIei 

PA&t XII. N 



Mould candles* ..7 ^ ^ 
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Mr. Brande adds, that a pint of the best sperm oil, 
weighing about 13 ounces, bums, in a well trimmed 
argand, about ten hours. And by a series of experi- 
ments, conducted with every requisite caution, he 
fi>und, that to produce the light of ten wax candles fi>r 
one hour, there were required — 

S600 cubical inches of pure carbaretted hydrogen, orolefiant gat. 

4875 oil gas. 

13120 i coal gas. 

ffhy ie oU ustd by the Portable Gas Compam/f 
Because they are enabled to compress the gaseous 
matter obtained from oil to about one-thirtieth of its 
volume, or into a certain new liquid compound, colour- 
less or opalescent, yellow by transmitted, green b^ re- 
flected light ; and combustible, burning with a dense 
flame. Hence its oo7^a6i/%. When the bottle con- 
taining it is openea, evaporation takes place from the 
surface of the liquid ; but this vapour soon ceases, and 
the remjainder is comparatively fixed. 

Why^is gas from xoood but iU adapted Jbr iUuminOr 
Hon ? 

Because it is so deficient in the compounds of car- 
bon and hydrogen. In manufactories, however, of 
charcoal in iron retorts, for the making of gunpowder, 
the gas which is given off is led by a pipe under the 
cylinders, and is economically employed in maintain- 
ing their heat. 

ROSIN GAS. 

Why is rosin ^as even more advardageous ihan oUgas f 
Because rosin is of lower price, and less liable to 
fluctuations of value, than oil : indeed, the cost of th»' 
gas is stated at one-fourth that of oU ; and the illumi- 
nating power of rosin- gas, when compared with that 
from coal, is as. twQ and a half to one, while it is of^ 
greater purity than that from coal at oil. 

For the oridn of this improyement we are indebted 
to Mr. J. F. Daniell, the distinguished meteorologist ;• 
his mode of treating the rosin is, to dissolve by fentle 
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heat About 8 Ibe. in a ffallon of the essential oil, which 
is plentifuHy formed during the compoation of oil for 
making gas, or of rosin itself. This solution was al- 
lowed to trickle into the heated retort half filled with 
coke : thus, from 1000 to 1200 cubit feet of gas are 
obtained from 1 cwt. of rosin, and rather more than 
the original quantity of volatile oil is condensed, which 
is again employed for the solution. Mr. Daniell pa- 
tented this means about three years since, and an ap- 
paratus on the plan has been erected by M. Martineau 
for the London Institution. 

The burners consume about 1000 cubit feet of gas 
per day, obtained by 100 lbs. of common rosin, at about 
6^., dropped with oil of turpentine on heated iron 
cylinders, in the proportion of 10 gallons of turpentine 
to 100 lbs. rosin ; but the cost of me turpentine is not 
included in the G^., as the same oil may be used over 
and over again, for any length of time. 

Mr. Brande thus illustrates the advantages of rosin 
gas: — "The sources of supply are as inexhaustible, 
and more generally distributed, than those of the coal ; 
and tlie forests of America, France, Spain, and Italy, 
yield the turpentine in quantities only limited by ilie 
demand. Many large towns in this country, in Ame- 
rica, France, Holland, and the Netherlands, have al- 
ready adopted the use of this gas. The elegance and 
simplicity of the manufacture, and the comparatively 
small capital required for the erection of tne works, 
will also give it the preference in the creation of new 
establishments." 

Returning to the comparative value of different 
hydro-carbu retted gases, for the purpose of illumina- 
tion, it seems evident, from Dr. Henry's experience, 
that, whatever be their source or composition, it may 
be most accurately detennined by the quantity of oxy- 
gen required to ^turate equal volumes. In other 
words, quotes Mr. Brande, the illuminating powers of 

ii2 
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the ^fierent eases will be proportioned te libe mmokbt 
of uroluxnes of the gaseous carbon candensed into on» 
volume of the gas; and of these, the oxygen consiua- 
ed, aod die carbonic acid produced, affiud an accurate 
measure. 

HTnROCTAJnC ACID. 

Why is hydrocyanic acid so caUedf 

Because it consists of hydrogen, and a gaseous com- 
pound, cyanogen, so styled by M. Gay Lussac, because 
It is the principle which generates blue, from two 
Greek words, signifying the blue-maker : or it may be 
obtained by means of Prussian blue ; whence it is also 
called prussic acid. The acid thus obtained, has a 
strong pungent odour, very like that of bitter almond ; 
its taste is acrid, and it is highly poisonous, so that the 
inhsdation of its vapour should be avoided. It volati- 
lizes so rapidly as to freeze itself. 

From the experiments of M. Majendie, it appears, 
that the pure hydrocyanic acid is the most violent of 
fdl poisons. When a rod dipped into it is brought in 
contact with the tongue of an animal, death ensues 
before the rod can be withdrawn. If a bird be held a 
moment over the mouth of a phial containing this acid, 
it dies. In the Annates de CHimie lor 1814, we find 
this notice : M. B., Professor of Chemistry, left by ac- 
cident upon a table, a flask containing alcohol im- 
pregnated with prussic acid ; the servant, enticed by 
the agreeable flavour of the liquid, swallowed a small 
glass of It In two minutes, she dropped down dead, 
as if struck with apoplexy. 

Hydrocyanic acid may generally be detected by its 
very peculiar odour. Scheele supplies this test : to the 
suspected liquid add a solution of green vitriol or cop- 
peras, and e^erwards drop in pure potassa in slight 
exce^ and after a short exposure to the air, redissolve 
^e precipitate in muriatic acid. If hydrocyanic acid 
be present, the tint of prussian blue wiU appear. By 
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thid tneims one ten-thousandth part of the acid may be 
detected m trater. Another test, in which copper is 
used, will) however, detect one twenty-thousandth of 
Ae acid in water. We must render the liquid con- 
taining the hydrocyanic acid' slightly alkaline with 
potash, add a few drops of sulphate of copper, and af- 
terwards sufficient muriatic add to redissolve the ex- 
cess of oxide of copper. The liquid will appear more 
or less milky, according to the quantity of hydrocyanic 
«cid present. M. Orfila recommends nitrate of silver 
4IS a test, by which the acid will be precipitated in the 
^rm of cyanure of silver. 

PROPERTIES OF METALS. 

Why did the ancients designate the seven metals 
knoum to them by the names tf the planets'^ 

Because tfiey were supposed to have some hidden 
relation : each being denoted by a particular symbol, 
representing both the planet and the metal. 

^ Gold . . . was tbe . . . . Sun. 

Silver Moon. 

Mercury Mercury. 

Copper Venus. 

Ibmi Mara. 

Tin Jupitw. 

Lead Saturn. 

Why are some metals called native f 

Because they occur pure or alloyied, and have but a 
feeble attraction for oxygen ; such as ^ platinum, gold, 
silver, mercury, and copper. Metals are also fbund 
combined with simple supporters of combustion ; the 
chief of these are metallic oxides. Metals combined 
with simple inflammables, include native metallic sul- 
phurets. Metals in combination with acids, include 
metallic salts. — Abridged from Brande, 

Why are some metals called native alloys^ 
Because they are foun4 combined with other metals. 

Why are metals r^ned hyfref 

Because advantage is taken of some property in 
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which the metal operated upon maydi^r from thoscr 
with which it is alloyed, or from which it is deaved tO' 
separate it These differences may consist of the faci- 
lity or difficulty of oxidation ; in their tendency to vo-- 
latilize; in the temperature required for fusion, and 
in their relative specific gravities* 

Metals, when exposed to the action of oxygen» chlo-^ 
rine, or iodine, at an elevated temperature, generally 
take fire, and, combining with one or otheB of these 
three elementary dissolvents, in definite proportions, 
are converted into earthy or saline-looking bodies, 
devoid of metallic lustre and ductility, called oxides, 
chlorides, or iodides. 

Wky have the meUdSf as a dasa, a peculiar ttistre^ 
Because of their great power of renecting light, in 
consequence of their opacity. Mr. Brande observes: 
''their opacity is such, that, when extended into the 
thinnest possible leavefi, they transmit no \isht ; silver- 
leaf, only one hundred-thousandth of an incn in thick- 
ness, is perfectly opaque. Gold is perhaps the only 
exception, which, when beaten out into leaves one 
two-nuudred-theusandth of an inch in thickness, transk 
mits green rays of light" 

Why are the polished metals pficvliady JU fot^ bvart^ 
infffmrrors^ • 

Because they are very imperfect radiators, and re- 
ceivers of heat, but excellent reflectors both of light 
and heat 

POTASSniM. 

Jfhy is potassium not found in an uncomhined state f 
Because of its great affinity for oxygen. All that 
has hitherto been obtained has been procured by che- 
mical means from the potash of conunerce. 

Why_ did Sir H. Davy discover potassium by the 
agency of VoUaie electricity upon pure potash f 

Because he was thus enabled to detach the oxygen, 
and then the alkaline base appeared in small bubbles. 
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having the lufltra iBsd oulirard eharteteiti of quick- 

Bilver. 

Whf 18 paiasgwm mpwtant to ffit pkUosopkical che^ 
migti 

Because it is capable of detecting and separatiDg 
oxygen wherever it may exist, end however intimate 
an4 energetic may be the nature of its combinations. 
By its me^ns water may be detached from the most 
highly rectified alcohol and ether ; and, by its decom- 
position, hydrogen gas wiil be evolved. Potassium 
also combines with phosphorus, sulphur, and hydro- 
gen ; it forms metallic alloys with gold, silver, mercu- 
)ry, and some other metals; at a red heat it will de- 
compose glass ; and is even capable of reducing all the 
metallic oxides.— ^PecrArea. 

Potassium was discovered in 1807, by Sir Humphry 
Davy: he obtained it by submitting caustic potassa, 
or potash, to the action of Voltaic electricity ^ the ni^tal 
was slowly evolved at the ne^tive pole. Gay Lussac, 
and Th^nard, first procured it byiieating iron turnings 
to whiteness in a curved gun-barrel, and melting pot- 
ash to come in contact with the turnings, when, air 
being excluded, potassium was formed, and collected 
in the cool part of thatube. 

Hliy dees pciassium htam toWi a beauUfld JIame <m 
toaieri 

Because the potasnum decomposes the water and 
absorbs the oxvgen, while the hydrogen of the water 
escapes and takes fire by the heat which tha rapidity 
of the action produces. 

fVhy does sidphurie add^ toften dropped on ckloraU 
ofpoUtssOy cause it to ignkef 

Because of tiie evolution of oxide of chlorine. A 
mixture of sulphuret of antimony, and the salt sud- 
denly deflagrates With a bright puff of flame and 
sili^e. Matches tipped with this inflammable luix- 
tui^ are now in common use, and are inflamed by 
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men is merely volatilized, in the state of condensable 
tar. Little gas, and that of inferior iUuminating power^ 
is then produced. 

Whf does coke hum toUfumt smoked - 
Because it is the distilled coal remaining in the re^ 
torts after the above process, and is consequently freed 
from all eases and vapours. Dr. Amott observes^ dia^ 
*'a pound of coke produces nearly as much heat as a 
pound of coal ; but we must remeniber that a nound 
of coal gives only three-quarters of a pound of coke» 
although the latter is more bulky than, the former.'* 

Wh^ are the gaseous products passed through quvck- 
lime and water f 

Because the siriphuretted hydrogen, and carbonic 
oxide and acid, may thus be al)sorbed ; while the car- 
buretted hydrogen gases are transmitted sufficiently 
pure for use iato gasometers, whenee the pipes issue 
for the supply of streets^ houses, &c. 

ffJnf is a gasometer so edled^ 

Because it enables the miuiuiacturers of ga» to metey, 
or measure, with accuracy, the ^antky of gf» ex- 
pended, in proportion to the number of jets er buraers 
made use of. The essential conditions of any appara- 
tus for thi$ purpose, are^ that the pressure on the gas, 
while passing through the measurer, shall at ali titne» 
be uniform: and that it shall register truly when that 
pressure is very small, and when the current of gas is 
very feeble. 

The gas is conveyed or laid on to the premises of the 
con8umers,,bv pipes called nuuTU) which, in London, 
in the year X824, extended 900 miles. Other methods, 
have, however, been adopted for its conveyance ; and, 
in 1827, there ^as at Manchester an itinerant gaso- 
meter, Capable of holding more than 1000 cubic feet 
of sas ; this being mounted upon wheels, and filled 
witn gas from the gasometer at the work^, was trans- 
ported about the streets of Manchester, aiifl delivered 
into the gas-holdera of the Company's cuslon^ers, 



)^0TVULIL CHEBUST&T. 131 

ffliy 18 U imoorUmt that the koUs in the gas-burner 
be yiol too large 7 

Because, if this point be not attended to, the ips will 
be incompletely burnt. Increased length of flame 
makes imperfect combustion, and diminished intensity 
of light. 

Mr. Accum gives the following interesting statement 
of gas-burners. ^ An ar^^d burner, which measures 
in me upper rim half an mch in diameter between the 
holes from which the gas issues, when furnished with 
five apertures, l-25th part of an inch in diameter, con- 
sumes two cubic feet of gas in an hour, when the sas 
flame is 1^ inch high. The illuminating power of this 
burner is equal to three tallow candles, eight in the 
pound. An argand burner, three-fourths of an inch 
m diameter, as above, and perforated with holes l-90th 
of an inch in diameter (probably fifteen in number) 
consumes three cubic feet of gas in an hour, when the 
flame is 2i inches high ; giving the light of four can- 
(Ues, eight to the pound. And an argand immer, 
seven-eighths of an inch diameter, as above, perforated 
with ^eighteen holes, l-33nd of an inch diameter, con- 
sumes, when the flame is three inches high, four cubic 
feet of gas per hour, producingthe Kght of six tallow 
candles, eight to the pound. The height of the glass 
chimney should never be less than five inches.' 

Why is carmel coal best adapted for disHUaiion f 

Because it contains most bitumen, and least sulphur. 
A pound of good cannel coal, properly treated in a 
small apparatus, will yield Hve cubic feet of gas ; equi- 
valent in illuminating power to a mould candle, six 
in the pound. On a great scale, however, Si cubic 
feet of good gaa are all that should be expected from 
one pound of coal. A gas jet, which consi^nes l^alf a 
cubic foot per hour, aflbrds a steady light equal to that 
of the above CiBudle. ,i; . . 

Hlhy does carbwetted hydtrogem gi»e out, dyrmm- 1^ 
combustion^ nmch mor».%ft< Umt 4he svkcaarbwis^AtifR 
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Because of the lareer quantityof carbon diseiiffaged 
by the former; but if the mixture with oxygen be in 
such proportions as at once to bum the whole of the 
charcoal m its gaseous combinations, without iH*eyious 
deposition, the light becomes blue, and is grto% re- 
duced in intensity. 

HTiy 18 ffie flame of a candle of various colaurs f 
Because of the different stages of combustion in it* 
Thus, at the bottom part, where the inflammable gases 
are given off in the smallest quantity, and where they 
are most intimately mixed with the air, the combus- 
tion is at once complete, and the light is blue and &int ; 
the centre part, where the particles of charcoal, owig 
to a less admixture of oxygen, are thrown off in a^solia 
State, and become incandescent before they are finally 
burnt, is white and highly brilliant ; and the upper, 
wJiere the charcoal is in still greater quantity,, and 
much of it finally escapes combustion, is red and duU^ 
as is seen when a candle requires snuffing. 
' ; Dr. Ure, a i^ w years since, made a set of experiments 
on the relative intensities of light, and duration of dif^ 
ferent candles, t^e result of which is contained in the 
following table : — 



NuiQber in a 
pound. 


Duration 

ofa 
Cacndle. 


Weight 

to 
graina. 


Gra. con- 
mimed 
perbour. 


Propor- 
tion (^ 
Ugbt. 


Econo- 
my of 
lights 


CandlM 

equal! 

Argand. 


;I0 Mould 
10 Dipped 

8 Mould 

6 ditto 

4 ditto 
Argand oil 
Flame. 


Ml. 9 m. 
4 36 
6. 31 
7 91 
ft 36 


689 

679 

866 

1160 

IW 


133 
150 
133 
163 
186 

519 


12| 
13 

1 

69.4. 


68 

66 
80 

100 

■ •. 


5.7 

5.95 

6.6 

5.0 

3.5 



Why do those flameg, \0hose prifducts are only gaseous 
matter^ give very IMe lights 

Because the quantity of light trfaich .flame emits is 
d^pMsdetit upon tbe incandescence of minute particles 
of BoM matter^ -whith are thrown off during combqs- 
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tieA. The &ht of a stream of ignited hydrogen is 
acareely visibre in the day-light ; but if a small coil of 
platmum wire be suspended in it, or some solid body, 
m venr fine powder, such as the oxide of zino, be pro- 
JQCted through it, it becomes very luminous. 

Dili 01.8. 

Whf %8 oU ^ cheaper than coal goaf 
Because purified coal gas seldom contains more than 
40 per cent in volume of olefiant gas, while oil gas 
generally afibrds about 75 per cent. : hence its superi- 
ority for burning, and the relatively small quantity 
consumed. Thus oil, by being allowed to trickle into 
a redhot retort, half filled with coke or pieces of brick, 
to increase the heated surface, is decomposed, and 
yields a large quantity of gas, which is much richer in 
carburetted hydroeen th^ coal gas^ and therefore 
much better fitted ror the purposes of illumination. It 
contains no mixtoe of sulphuretted hydrogen, and re- 
qnires no other purification than passing througii a re- 
frigerator ; and as less of jt is required foR any given 
quantity of light, the atmosphere of a room is less heated 
and contaminated by its combustion. It is, however, 
considerably more expensive than tHe gas fit>m coal ; 
although the first outlay of capital for a manufactory 
ujpon a large scale is less, on account of the smaller 
size of the necessary pipes and apparatus. The oom- 
monest whale oil, or even pilchard-dregd, ^uite unfit 
for burning, in the usual way, afford abundance of ex- 
cellent gB& A gallon of whale oil afibrds about 90 
cubical feet of gas, of an average specific gravity of 
0.900; and an argand burner, equal to seven candles, 
consumes a cubical fi>ot and a half per hour. Its eco- 
nomy may be judged fi*om the following table : — 

Argdbd buraeri oil gu, per hour id. 

ArnndlamM, ■permAcetiott 3d. 

M<mld candles .v! ^ 

Wftz csnSIei Is. 9d> 

PAat itii. If 
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Mr. Brando adds, that a pint of the best sperm oil, 
weighing about 13 ounces, bums, in a well trimmed 
argand, about ten hours. And by a series of experi- 
ments, conducted with every requisite caution, he 
found, that to produce the light of ten wax candles fi>r 
one hour, there were required — 

9600 cubical inches of pure carbaretted hydrogen, or olefiant gat. 

4875 oil gas. 

13120 coal gas. 

Why iff oH used by the Portable Gas Company f 
Because they are enabled to compress the ga^ous 
matter obtained from oil to about one- thirtieth of Its 
volume, or into a certain new liquid compound, colour- 
less or opalescent, yellow by transmitted, green by re- 
flected light ; and combustible, burning -with a dense 
flame. Hence its portability. When the bottle con- 
taining it is opened, evaporation takes place from the 
surface of the liquid ; but this vapour soon ceases, and 
the remainder is comparatively fixed. 

Why J^ gas from wood but HI adapted for iUumina- 
tion^ 

Because it is so deficient in the compounds of car- 
bon and hydrogen. In manufactories, however, of 
charcoal in iron retorts, for the making of gunpowder, 
the gas which is given off is led by a pipe under the 
cylinders, and is economically employed in maintain- 
ing their heat. 

ROSIN GAS. 

Why is rosin ^as even more advardageous than oUgas ? 

Because rosin is of lower price, and leSs liameto 
fluctuations of value, than oil : indeed, the cost of the^ 
gas is stated at one-fourth that of oil; and the iUumi- 
nating power of rosio'gas, when compared with that 
fi*om coal, is as. two and a half to one, while it is of" 
greater purity than that from coel or oil. 

For the origin of this improyement we are indebted 
to Mr. J. F. Daniell, the distinguished meteorologist; 
his mode of treating the rosin is, to dissolve by gentle 



I 
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heat thoat 8 lbs. in a gallon of the essential oil, which 
18 plentifully formed during the compoeition of oil for 
making gas, or of rosin itself. This solution was al- 
lowed to trickle into the heated retort half fiUed with 
coke : thus, from 1000 to 1200 cubit feet of gas are 
obtained from 1 cwt of rosin, and rather more than 
the original quantity of volatile oil is condensed, which 
is again employed for the solution. Mr. Daniell pa- 
tented this means about three years since, and an ap- 
paratus on the plan has been erected by M. Martineau 
for the London Institution. 

The burners consume about 1000 cubit feet of gas 
per day, obtained by 100 lbs. of common rosin, at about 
6»., dropped with oil of turpentine on heated iron 
cylinders, in the proportion of 10 gallons of turpentine 
to 100 Ibsi rosin ; but the cost of the turpentine is not 
included in the 6j., as the same oil may be used over 
and over again, for any length of time. 

Mr. Brande thus illustrates the advantages of rosin 
gas: — *VThe sources of supply are as inexhaustible, 
and more generally distributed, than those of the coal ; 
and the forests of America, France, Spain, and Italy, 
yield the turpentine in quantities only limited by the 
demand. Many large towns in this country, in Ame- 
rica, France, Holland, and the Netherlands, have al- 
ready adopted the use of this gas. The elegance and 
simplicity of the manufacture, and the comparatively 
small capital required for the erection of the works, 
will also give it the preference in the creation of new 
establishments.'' 

Returning to the comparative value of dififerent 
hydro-carburetted gases, for the purpose of illumina- 
tion, it seems evident, from Dr. Henry's experience, 
that, whatever be their source or composition, it may 
be most accurately determined by the quantity of oxy- 
gen required to ^turate equal volumes. In other 
words, quotes Mr. Brande, the illuminating powers of 

h2 
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tbe Afferent gases will be proportioned te tbe aunbto 
of volumes of the gaseous carbon condensed iKto <Mie 
volume of the gas; and of these, the oxyeen consum- 
ed, and die carbonic acid produced, afford an accurate 
measure. 

mrnaocTAinc acid. 

Why is hydrocyanic add so caUed 9 

Because it consists of hydrogen, and a gaseous com- 
pound, cyanogen, so styled by M. Gay Lussac, because 
It is the principle which generates blue, from two 
Greek words, signifying the blue-maker : or it may be 
obtained by means of Prussian blue ; whence it is also 
called prussic acid. The acid thus obtained, has a 
strong pungent odour, very like that of bitter almond ; 
its taste is acrid, and it is highly poisonous, so that the 
inhalation of its vapour should be avoided. It volati- 
lizes so rapidly as to freeze itself. 

From the experiments of M . Majendie, it appears, 
that the pure hydrocyanic acid is the most violent of 
all poisons. When aVod dipped into it is brought in 
contact with the tongue of an animal, death ensues 
before the rod can be withdrawn. If a bird be held a 
moment over the mouth of a phial containing this acid, 
it dies. In the Anrudes de Oiimie for 1814, we find 
this notice : M. B., Professor of Chemistry, left by ac- 
cident upon a table, a flask containing alcohol im- 
pregnated with prussic acid; the servant, enticed by 
the agreeable flavour of the liquid, swallowed a small 
glass of it In two minutes, she diropped down dead, 
as if struck with apoplexy. 

Hydrocyanic acid may generally be detected by its 
very peculiar odour. Scheele supplies this test : to the 
suspected hquid add a solution of green vitriol or cop- 
peras, and afterwards drop in pure potassa in slight 
excess, and afler a short ea^osure to the air, redissoTve 
the precipitate in muriatic acid. If hydrocyanic acid 
be present, the tint of prussdan blue mil appear. By 
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this meftttS one ten-thousandth pert of the acid may be 
detected in water. Another test, in which copper ia 
used, will) however, detect one twenty^thouaandth of 
tibe acid in water. We must render the liquid con- 
taining the hydrocyanic acid* slightly alkaline with 
potash, add a few drops of sulphate of copper, and af- 
terwards sufficient muriatic acid to redissolve the ex- 
cess of oxide of copper. The liquid will appear more 
or less milky, according to the quantity of hydrocyanic 
acid present. M . Orfila recommends nitrate of silver 
418 a test, by which the acid will be precipitated in the 
ibna of cyanure of silver. 

PROPERTIES OF BIETALS. 

Why did the ancients designate the seven metals 
knoum to them by the names ^ the planets'} 

Because they were supposed to have some hidden 
relation : each being denoted by a particular symbol, 
representing both the planet and the metal. 

^ Gold . . . was tbe . . . • Sun. 

fiilTtr • • • • Moon. 

Mereury • . . Mercuxy. 

Copper Venuar. 

Ibmi . . . ; Mars. 

Tin Jupiter. 

Lead Saturn. 

Why art soms metals catted native'^ 

Because they occur pure or alloyied, and have but a 
feeble attraction for oxygen ; such as 'platinum, gold, 
silver, mercury, and copper. Metals are also found 
combined with simple supporters of combustion ; the 
chief of these are metaUic oxides. Metals combined 
with simple hiflammables, include native metallic sul- 
phuret& Metals in combination with acids, include 
metallic salts. — Abridged from Brande, 

Why are some metals called native alloys^ 
Because they are found combined with other metals. 

Why are metals refined by fire f 

Because advantage is taken of some property in 
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which the metal operated upon may differ from thoso 
widi which it is alloyed, of from which it is desired to- 
separate it These differences may conedst of the &ci^ 
lity or dii£culty of oxidation ; in their tendency to vo-- 
latilize; in the temperature required for fusion, and 
in their relative specific gravities- 
Metals, when exposed to the action of oxygen^ chlo-^ 
rine, or iodine, at an elevated temperature, generally 
take fire, and, combining with one or othee of these 
three elementary dissolvents, in definite proportions, 
are converted into earthy or saline-looking bodies, 
devoid of metallic lustre and ductility, called oxides, 
chlorides, or iodides. 

Why have the metalsy as a doss, a oecvliar tiistre^ 
Because of their j^at power of renecting light, in 
consequence of their opacity. Mr. Brande observes : 
*' their opacity is such, that, when extended into the 
thinnest possible leaves, they transmit no light ; silver- 
leaf, only one hundred-thousandth of an inch in thick- 
ness, is perfectly opaque. Gold is perhaps the only 
exception, which, when beaten out into leaves one 
two-huudred-theusandth of an inch in thickness, trans* 
mits green rays of light." 

fFhjf are Ihe polished metals pftcuUarly ft foil burn- 
ing nnrrorsf • 

Because they are very imperfect radiators, and re- 
ceivers of heat, but excellent reflectors both of light 
and heat ' 

POTASSfDM. 

Why is potassiiim not found in an uncomhined state f 
Because of its great affinity for oxygen. All that 
has hitherto been obtained has been procured by che- 
mical means from the potash of conmierce. 

Why did Sir H, Davy distover potassium by the 
agency of Voltaic eUetricily upon pure polashf 

Because he was thus enabled to detach the oxygen, 
and then the alkaline base appeared in small bubbles. 



having the lustre imd oiitWBrd chariMsteili of qaick- 
sUver. 

Why is poias8vum importoid to ffvt phUosophical che- 

Because it is capable of detecting and separating 
oxygen wherever it may exist, and however intimate 
an(| energetic may be the nature of its combinations. 
By its memis water may^ be detached from the most 
highly rectified alcohol and ether ; and, by its decom- 
position, hydrogen gas will be evolved. Potassium 
also combines with phosphorus, sulphur, and hydro- 
gen; it forms metallic alloys with gold, silver, mercu- 
ry, and some other metals; at a red heat it will de- 
fBompose glass ; and is even capable of reducing all the 
metallic oxides.— ParAre^. 

Potassium was discovered in 1807, by Sir Humphry 
Davy: he obtained it by submitting caustic potassa, 
or potash, to the action of Voltaic electricity^ the ni^tal 
was slowly evolved at the negative pole. Gay Lussac, 
and Th^nard, first procured it byiieating iron turnings 
to whiteness in a curved gun-barrel, and melting pot- 
ash to come in contact with the turnings, when, air 
being excluded, potassium was formed, and coUected 
in the cool part of thatube. 

fFhy dees poiasnum hum toiUi a beavUfid Jlame <m 
toaierf 

Because the potasenum decomposes the water and 
absorbs the oxygen, while the hydrogen of the water 
escapes and takes fire by the heat which tha rapidity 
of the action prodi>cefi. 

Whf does sulphuric add, when droj^ptd im cbloraU 
of poiassit, cause it to igmtef 

Because of the evolution of oxide of chlorine. A 
mixture of sulphuret of antimony, and the salt sud- 
denly deflagrates with a bright puff of flame and 
8nM»ke. Matches tipped with this inflammable mix- 
ture are now in common use, and are inflamed by 
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contact with asbestos saturated with sulphuric acid. 
Berzelius gives the following as the best composition 
for the matches : 30 parts powdered. chlorate of potas- 
sa, 10 of powdered sulphur, 8 of sugar, 5 of gum ara- 
bic, and a little cinnabar. The sugar, gum, and -salt, 
are, first rubbed together into a paste with water; the^ 
sulphur is then added, and the whole being thoroughly 
beaten together, small brimstone matches ^re dipped 
in, so as to retain a thin coat of the mixture upon their 
sulphuretted points. A similar compound is emi^oy- 
ed in percussion gun-locks : gunpowder, made into a 
paste with, water and chloistte of potash, is dropped i^ 
small copper caps adapted to the tubular touch-hole of 
the gun, when a blow inflames the powder, and ccjin- 
municates to that in the barrel. Fulminating xnereuiy 
is, however, now substituted for this composition, 
which is found to rust' the touch-hole. 

JVb/e to « Steam," page 113. 

In the whole ranse o£ English literature, perhaps there is nothing 
more cariouir than tne following prophecy respecting Steam, in Dr. 
Darwin's B«ca»tc Gor^M, published in 1789, but written, it is well 
known, at least tweaiy years before the date of its publication : 

Soon shall thy arm, unconquer'd steam, afar 
, Drag the slow barge, or dnVe the rapid car ; 

Or on wide waving wings expanded bear 
The flying chaii«t through the fields of air. . 
Fair crews triuiophant leaning from above 
Shall way^ their fluttering 'kercl^efd as they move ;. 
Or warrior bands alarm the gaping crowd, 
And armies- shrink- beneath the shadowy cloud : 
So mighty Hercules o'^r many a clime 
Wav6d his huge mace In virtue's cause sublime^; 
^Unmeasured strength with earlf art combined, ' 
'Awed, served, protected, and amazed mankind. 



ElfD OF PART XII. 



KNOWLEDGE FOR THE PEOPLE 

OR THK 

* PLAIN WHY AND BECAUSE. 



Part VIL — Mechaivics. 



MECHANICS. 



INTRODUCTORT. 



Why are certain truths termed physical f 
Because they explain the greater part of the phe- 
nomena of nature, the term physical being deriyed 
irom the Greek word signifying nature; an appella- 
tion distinguishing them from chemical truths, which 
regard particular substances, and from vital truths, 
which have relation only to living bodi^fb — ^^mott* 

Why is an atom so called^ ■'' '^ 

Because of its origin from a Greek word aignij^ing 
that which cannot be farther divided; or, an exceed- 
ingly minute resisting particle. 

Why is the term attraction used^ 

Because the atoms of whigh the visible universe is 
built up, whether separate, or already joined into 
masses, tend towards all other masses, with force pro- 
portioned tQ their proximity: as, when any body 
presses or ^Is towiuds the great mass of the earth, 
or when the tides on the earth rise towards the moon. 

Why is the term repidsion used 9 

Because, under certain known circumstances, as of 
heat diffused among the particles, their mutual aJttrac^ 
tion is countervailed or resisted, and they tend to 
separate with force proportioned to their proximity : 
as, when heated water bursts into steam, or when 
gimpowder explodes. 

B '^ 
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Why is the term 'inertia used f 

Because it denotes that the atoms, in regard to 
motion, have about them what may be figuratively 
called a sttibhomncsSf tending always to keep them in 
their existing state, whatever k may be; in other 
words, that Dodies neither acquire motion, nor lose 
motion, nor bend their course in motion, but in exact 
accordance to some force applied. 

This, and the three preceding definitions, are de- 
rived from the Synopsis of Dr. Amott's valuable 
Elements of Physics, Part I. third edit. 1828 ; the 
author pertinently observing, that "a person compre- 
hending fully the import of these four words, atom^ 
attfactitm, repvisifm, inertia, may predict or anticipate 
correctly, very many of the facts and phenomena 
which the extended experience of a life can display ta 
him." 

ffliy art not men sensible of the rapid m<>iion of the 
earlhf 

Because all things move at the same rate. What- 
ever commion motions objects may have, it does not in- 
terfere with the effect of a force producing any new 
relative motion among them. All the motions seen 
on earth are really only slight differences among the 
canmion motions : as, in a fleet of sailing ships, the 
apparent changes of place among them are, in truth, 
only slight alterations of speed or direction in their 
individual courses. 

Why does a spire or obelisk stand more securely on 
the earth, than a pillar stands on the bottom of a nurving 
wagon ^ 

Because the motion of the earth is uniform, and not 
that the earth is more at rest than the wagon. Were 
the present rotation of our globe to be arrested but fbr 
a moment^ imperial London, whh its thousand spires 
and turrets, would' be swept from its vaUey towards 
the eastern. ocean, just as loose snow is swept away by 
a gust of wind. — Amott, 
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Jfhy does a haU, let drop from the hand^ fall with 
greater velocity the nearer it approaches (he earthf 

Because, owing to the inertia of matter, any force 
continuing to act on a mass which is free to ohey it, 
produces in the mass a quickening or accelerated 
motion ; for, as the motion given in the fu-st instant, 
continues afterwards without any fiirther force, mere- 
ly on account of the inertia, it follows that as much 
more motion is added during the second instant, and 
as much again during the third, and so on. A billing 
body, therefore, under the influence of attraction, is, 
as it were, a reservoir, receiving eyery instant fresh 
velocity and momentum (or quantity of motion). The 
height of a precipice, or the depth of a well, may be 
judged of with considerable accuracy, by marking the 
time reqahred for a body to fidl through the space. 
A body ftJls four times as far in two seconds as in one, 
although the velocity, at the end of two seconds, is 
only doubled. — AmoU. 

A body falls by gravity precisely 16 1-16 fbet in a se- 
cond, and the velocity increases according to the 
squares of the time : vtz. 

Jny (quarter of a second) a bod^ falls 1 foot 
i '''' (half a second) ditto 4 

1 second ditto 16 

2 ditto ditto 64 

3 ditto ' dHto 144 

The power of gravity at two miles distance from the 
earth, is four times leas than at one mile ; at three 
miles, nine times less ; and so on. It goes on lessen- 
ing, but is never destroyed. 

Meteoric stones, falling from great heights, bury 
themselves deep in the es^, by the force of their gra- 
dually acquirea velocity. 

Wky are we said to know ofnoUvlng which is absotuU" 
hf at rest ? 
Because the earth is wlurfing round its axis, and 

b3 
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round the sun ; the sun is moving round his axis, and 
round the centre of gravity of the solar system; and, 
doubtless, round some more remote centre in the great 
universe, carrying all his planets and comets iu[x>ut 
his path. 

One of the grand laws of nature is, that a11 bodies 
persevere in their present state, whether of motion or 
rest, unless disturbed by some foreign power. Motion, 
therefore, once begun, would be continued for ever, 
were it to meet with no interruption from external 
causes, such as the power of gravity, the resistance of 
the medium, &c. 

Dr. Amott adduces several familiar illustrations of 
motions and forces. Thus, all falling and pressing 
bodies exhibit attraction in its simplest form. Jlepul- 
sion is instanced in explosion, steam, the action of 
springs, &c. Explosion of gunpowder is repulsion 
among the particles when assuming the form ofain 
Steam, by the repulsion among its particles, moves the 
piston of the steam-engine. All elasticity, as seen in 
springs, collision, &c. belongs chiefly to repulsion. 
A sprinff is often, as it were, a reservoir of force, kept 
ready charged for a purpose ; as when a gun-lock is 
cocked, a watch wound up, &c. 

Why does a biUiard baU stop when U strikes directly 
another hall- of equal size, and the second baU proceed 
wiih the whole velocity which the first had^ 

Because the action which imparts the new motion 
js equal to the reaction which destroys tt© old. Al- 
though the transference of motion, in such a case, 
seems to be instantaneous, the change is really pro- 
gressive^ and Is as follows : The approaching ball, at 
a certain p(»nt of time, has just given half of its mo- 
tion to the other equal ball ; and if both were of soft 
clay, they would then proceed together with half the 
original velocity ; but, as they are elastic, the touching 
parts at the moment supposed, are compressed like a 
spring between the balls; and by theur expanding, 
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and exerting ^rce equally both wajrs, they double the 
velocity of the foremost ball, and destroy altogether 
die moticm-in the other. 

Why is the uniformiiy of motion essential to rational 
eomedure or anticipation as to future events ? 

Becauae, it is oy assuming, for instance, that the 
earth will continue to turn unifi)rmly on its axis, that 
we speak of to-morrow and of next week, &c. and that 
we make all arrangements for future emergencies: 
and were the coming day or season, or year, to arrive 
sooner or later than such anticipation, it would throw 
such confusion into all our affairs that the world would 
jsoon be desolate. 

To calculate futurities, then, (observes Dr. Amott) 
or, to -speak of past events, is merely to take some 
great uniform motion as a standard with which to 
compare aU others ; and then to say of the remote 
event, that it coincided, or will coincide, with some 
described state of the standard motion. The most 
obvious and best standards are the whirling of the 
earth about its axis, and its great revolution round the 
sun. The first is rendered very sensible to man by 
his alternately seeing and not seeing the sun, and it is 
called a day ; the second is marked by the succession 
of the seasons, and it is called a year. The earth 
turns upon its axis about 365 times while it is perform- 
ing one circuit round the sun, and thus it divides the 
year into so many smaller parts ; and the day is divi- 
ded into smaller parts, by the progress of the earth's 
whirling being so distinctly marked, in the constantly- 
varying directions of the sun, as viewed from any 
given spot on the face of the earth. When advancing 
civilisation made it of importance to man to be able 
to ascertain with precision the very instant of the 
earth's revolution, connected with any event, various 
contrivaiM^es were introduced for the purpose. Such 
have been sun-dials, where the shadow travels pro- 
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gresdyely rouDd the divided circle ; the uniform flux 
of water iJirough a prepared opening ; the flux of 
sand in a common hour-glass, &c. But the very tri- 
umphs of modem ingenuity and art are those astro- 
nomical clocks and watches, in which the counted 
equal vibrations of a pendulum, or balance-wheel, 
have detected periodical inequalities even in the 
motion of the earth itself and have directed attention 
to unsuspected disturbing causes, important to be 
known. 

Why, when a body is carried hdoio the vwtfact of the 
earthy does its weight become less ? 

Because the matter then above it is drawing it up, 
instead of down, as before. A descent of a few hun- 
dred feet makes a sensible diflerence, and at the centre 
of the earth, if man could reach it, he would find things 
to have no weight at all ; and there ^ould be neither 
up nor down, because bodies would be equally at- 
tracted in all directions. — ^moft. 

Why is a horseman standing on the saddle enabled Uk 
leap over a garter extended over the horse, (the horse 
passing under the garter,) and to light upon the saddle at 
the opposite side ? 

Because, the exertion of the performer, in this case, 
is not that which he would use were he to leap from 
the ground over a garter at the same height. In the 
latter case, heT would make an exertion to rise, and at 
the same time, to project his body forward. In the 
case, however, of the horseman, he merely makes that 
eXRtion which is necessary to rise directly upwards to 
a sufficient h^ght to clear the- garter. The motion 
which he has in common with the horse, compounded 
with the elevation acquired by his muscular power, 
accomplishes the leap. 

Why does a lodikxng stick help a mah on a joumevf 

Because he pushes against the ground with the 

stick, which may be considered as oompresring a spring 
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between the earth and the end of his stick, which 
8pring is therefore pushing up as much as he pushes 
down ; and if, at the time, he were balanced in the 
scales of a weighing beam, he would nnd that he 
weighed just as much less as he were pressing with 
his stick. 

ffliy does a person wishing to leap over a ditch or 
chasm, make^a run first *} 

Because the motion thereby acquired may help 
hira over. A standing leap fidls much short of a 
running one. 

These fact& also illustrate the same principle: — 
From a glass of water suddenly pushed forward on a 
table, the water is sgUi or left behind, but if the glass 
be already in motion, as when carried by a person 
Walking, and if it be then suddenly stopped by coming 
against an impediment, the water is thrown or spilt 
forward. Again, the actions of beating a coat or 
earpet with a cane to expel the dust ; of shaking the 
snow from one's shoes by kicking against the door^ 
post; of knocking a dusty book against a table, or 
shutting it violently. 

Why is a man lumping from a carriage ai speed, in 
great danger of /(tiling, afUr his feet reach the ground ? 

Because his body has as much forward velocity, as 
if he had been running with the speed of the carriage ; 
and unless he advance his feet as in running, he must 
as certainly be dashed to the ground, as a runner whose 
feet are suddenly arre8ted.~-w4mott. 

Why will the recoil of a fowling-piece htai the 
shoulder, if the piece be not held close to ttf 

Because the piece recoils with as much motion or 
momentum in it as the ball has; but the momentum 
in the gun being diffused through a greater mass, 
the velocity is small, and easily checked. 

Why does a sky-rocket ascend'^ 

Because, after it is lighted, the lower part is always 



» 
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produciDg a large quantity of aeriform fluid, which, 
in expan^ng, presses not only on the air below, but 
also on the rocket above, and thus lifbs it. The ascent 
is aided also by the recoil of the rocket from the part 
of its substance, which is constantly being shot down- 
wards. — Amott. 

Why does a hart, though mt/diless fleet than n grey- 
hound, often escape it ? 

Because the greyhound is, with the bare, a compara- 
tively heavy body, moving at the same or greater speed 
in pursuit The hare dotwles, that is, suddenly changes 
the direction of her course, and turns back at an ob- 
lique angle with the direction in which she had be^i 
running. The greyhound, unable to resist the ten- 
dency of its body to persevere in the rapid motion it 
had acquired, is urged forward many yards beforp it 
is able to check its speed and return to the pursuit. 
Meanwhile the hare is gaining ground in the other 
direction, so that the animals are at a very con- 
siderable distance asunder when the pursuit is recom- 
menced. 

ffhy are a large and smaU ship sometimes seen sailing - 
tvith me same vdodty ? . * 

Because the surface of canvass or sail which they 
'spread to catch the force of the wind, is proportionea 
to the difference of resistance which the water offers to 
the two. 

Why are ships so oJUn destroyed by running foul of 
each other at sea ? 

Because when two bodies moving in opposite direc- 
tions meet, each body sustains as great a shock as if^ 
being at rest, it had been struck by the other body 
with the united forces of the two. Thus, if two ships 
of 500 tons burden encounter each other, sailip^ at 
ten knots an hour, each sustains the shock, Which, 
being at rest, it would receive from a vessel of lOOO 
tons bui'den, sailing ten knots an hour. 
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Why art carriages often averiumed in quickly round- 
ingcomers^ 

Because the inertia carries the body of the vehicle 
in the former direction, while the wheels are suddenly 
pulled round by the horses into a new one. A loaded 
Btage-coach running south, and suddenly turned to 
the east or west, strews its passengers on the south 
side of the road. Where a sharp turning in a car- 
riage road is unavoidable, the outside of the bend 
(should always be made higher than the inside, to pre- 
vent such accidents. 

Whf were the battering rama of the ancients juch 
fomndaMe engines of tear f '^ 

Because they allowed the concentrated efforts of 
many hands, and a considerable duration of action, 
so as to give at last one great and sudden shock. 

The action of gunpowder on bullets, although ap- 
pearing so sudden, is still not an instantaneous, but a 
gradual, and therefore accelerating, motion ; and ac- 
cordingly we find the effect to depend much on the 
length of the piece along which the force pursues the 
l>all.— -k^nio^. 

Why will a cannon ormusket baUy shot quite horizon^ 
UMyy toiuh the ground of a level plane just as soon as 
another hall drofmed at the same instant directly from Vte 
cannon^s mouth 7 

Becaute the forward or projectile motion does not 
at all interfere with the action of gravity. This fact, 
observes Dr. Amott, which most persons, before consi- 
deration, would be disposed to doubt, makes strikingly 
sensible the extraordinary speed of a cannon ball ; viz* 
which baa already carried it 600 or 800 feet before 
touching, during the half second that a ball dropped 
from the hand of a standing person requires to reach 
the. earth* Thk fiict also explains why, for a long 
range, the gun must always be pointed more or leas 
up^nidtL-^Elements qf Physics. 
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The velocity of a musket ball is, on an ayerage, 
1,600 feet per second, and its range half a mile. 

FFky is this range only half a ndUy whereas, fry fhwry^ 
it ougfd to he ten mUes ? 

Because it is retarded by the resistance of the air. 

In velocities exceeding 1,600 feet per second, the 
resistance of the air is greatly increased ; hence the 
absurdity of giving balls too great an initial velocity. 
To ^ve a buUet the velocity of 2000 feet per second, 
requires half as much more powder as to give it the 
velocity of 1,600 feet ; yet after both have moved 400 
ieet, tlie difierence between the velocity of each is re- 
duced to 8 feet per second. A 24-pound ball, moving 
at the rate of 2000 feet per second, meets a resistance 
of 800 pounds. 

If a body could be projected upwards with the velo- 
city of 36,700 feet in a second, it would never return ; 
and as it receded from the earth, its weight or gravity 
would diminish. At present, the greatest veloc»ty 
with which we can project a body, does not exceed 
2000 feet per second. A bullet rising a mile above 
the surface of the earth, loses l-200()th part of its 
weight — wSTotes in Science. 

Lieut. Helwig, of PniisBia, has invented a proeesa 
fiv measuring the time occupied by a baU or bullet in 
passing through a certain space ; by making the ball 
liberate the works of a time-keeper at the moment 
when it quits the mouth. of the piece, and in making h 
also stop the time-keeper at the moment when itstiikes 
an obstacle. Thus, he ftnds that a light body, of the 
same calibre with the bullet, moves, at the conmience* 
ment, ivith much greater velpcity than the lottery 
equal charges being used. - 

Steam cannon has not yet been feund to realise 
all the formidable expectations which it had raised ; 
but Mr. Perkins has estimated the projectile force of 
steam to be ten times greater than tnat of gunpowdeTf 
in throwing a ball to a given distance. 
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While on the subject of fire-arms, we may mention 
that an in^nious Frenchman proposes to fix a small 
mirror, 0.4/ of an inch in the side, near the mouth- 
piece, so that the person using it shall see the reflexion 
of his own eye. In this way it is supposed that' very 
exact aim may be taken ; and the experiments made 
by various officers and sportsmen, are said to encourage 
the idea that this application may be useful. 

Why wiU a hvUetyJired against a door hanging frtdy 
Wi itshingeSj perforate the aqant toi$hovt c^atins: vt ? 

Because the impression of the stroke is confined to 
one single spot, and sufficient time is not allowed for 
difiTusinff its action over the extent of the door. A 
peDet of clay, a bit of tallow, or even a small bag of 
water, discharged from a pistol, will produce the same 
effect. 

Why is sea-sickness produced on shipboard ? 

Because man, strictly to maintain his perpendicu- 
larity, that is, to keep the centre of gravity always over 
the support of his body, requires standards of compa- 
rison, which he obtains chiefly by the perpendiculanty, 
or known position of things about him, as on land ; 
but on shipboard, where the lines of the masts, win- 
dows, furniture, &c. are constantly chanmng, his 
standards of comparison are soon lost or disturbed. 
Hence, also, the reason why persons unaccustomed to 
the motion of a ship, often find relief by keeping their 
eyes directed to the fixed shore, where. it is visible, or 
by lying on their backs, and shutting their eyes; and, 
on the other hand, the ill effects of looking over the 
side of the' vessel at the restless waves of the sea. 

Sea-sickness, observes Dr. Amott, also depends 
partly on the irregular pressure of the bowels among 
themselves, and against the containing parts, when 
their inertia, or downward pressure, varies with the 
rismg^ and falling of the ship. 

R«»oning upon the last-mentioned- fhcts, Mr. Pratt, 

PART VII. c 
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of New Bond-Street, has constructed an elaBtic or 
swinging seat, couch, or bed, for preventing the uneasy 
motions of a ship or carriage ; the frame of which is 
suspended on juribals or joints, turning at righ^ang]es 
to each bther ; and an elasticity is produced both in 
the seat or cushion, and in the swinging frames, by 
the use of spiral metal springs, in the form of an hour- 

glass. A still more simple preventive was illustrated 
y Sir Richard thillips, on his crossing from Dover to 
Calais, a few years since. He caused an arm-chair 
to be placed on the deck of the vessef, and being seated 
in it, he began to raise himself up and down, as on 
horseback. The passengers laughed at his eccentri- 
city, but before Uiey reached Calais, many of them 
were sea-sick, whilst Sir Richard continued to enjoy 
his usual health and vigour. We mentioned this ex- 
periment whilst making the same passage in the Royal 
George steam-boat, about a fortnight since ; but no 
person aboard made the trial of its efficacy, although 
more than half of the number were sea-sick. 

An embrocation has lately been invented, and se- 
cured by patent, for preventing or aUeviating sea- 
sickness; this preparation is to be rubbed over the 
lower end of the breast-bone, and under the left ribs ; 
but we cannot add our own testimony of its efficacy* 

fVhy cannot aur^ aim he takm with a stone in a 
sling 7 

£cause the point from which it« should depart, 
cannot be accurately determined. 

Why is the pendtdum a time-keeper 7 

Because the times of the vibrations are very nearly 
^ual, whether it be moving much or Utde ; that is to 
Bay, whether the are described by it be large or small. 

A common clock is merely a pendulum, with wheel- 
work attached to it, to record the number of the vibra- 
tions ; and vrith a weight or spring, having force enouffh 
to counteract the retarding effects of friction and tne 
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refllstance of the air. The wheels show how many 
swings or beats of the pendulum have taken place, 
because at every beat, a tooth of the last wheel is 
allowed to pass. Now, if this wheel has sixty teeth, 
as is common, it will just turn round once for sixty 
beats of the pendulum, or seconds ; and a hand fixed 
on its axis, projecting through the dial-plate, will be 
the sedond hand of the clock. The other wheels are 
so connected with this first, and the numbers of the 
teeth on them so proportioned, that one turns sixty 
times slower than the first, to fit its axis to carry a mi- 
nute hand; and another, by moving twelve times 
slower stUl, is fitted to carry an hour-hand. — AmoU. 

Why do clocks denote the progress qftimef 
Because they oount the osculations of a pendulum ; 
and by that peculiar property of the pendulum, that 
one vibration commences exactly where the last ter- 
minates, no part of time is lost or gained in the juxta- 
position (or putting together) of the imits so counted, 
90 that the precise fi-actional part of a day, can be 
ascertained, which each such unit measures. 
. The origin of the pendulum is traced to' Galileo's 
observation of a> hanging lamp in a church at Pisa 
continuing to vibrate long and with singular uniform- 
ity, after any accidental 6ause of disturbGince. Hence 
he was led to investigate the laws of the phenomenon, 
a^d out of what, in some shape or other, had been 
befbre men's eyes fi-ora the beginning, of the world, 
his jpowerfiil genius extracted the most important 
results. 

The invention of pendulum clocks took place about 
the middle of the seventeenth century ; and the hon- 
our of the discovery is disputed between Galileo and 
Huygens. Becher contends for Galileo, and states 
that one Trifler made the first pendulum clock at Flo- 
rence, under the direction of Galileo Galilei, and t]^at 
a model of it was sent to Holland. The Accademia del 

CimenlQ also expressly declared, that the application 

* 00 
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of the pendulum to the movement of a clock, was first 
proposed by Galileo, and put in practice by his soDy 
Vincenzo Galileo, in 1649. Huygens, however, con- 
tests the priority, and made a pendulum clock before 
1658 ; and he insists, that if ever Galileo had enter- 
tained such an idea, he never brought it to perfection. 
Beckmann says the first pendulum clock made in 
England, was constructed in the year 1662, by one 
Tromautil, a Dutchman ; but Grignon affirms that the 
first pendulum clock was made in England, by Robert 
Harris, in 1641, and erected in Inigo Jones's church 
of St. Paul, Covent-garden. 

Why dots (he pendtdum move faster in proporpum as 
its journey is longer f 

Because, in proportion as the arc described is more 
extended, the steeper are its beginning and ending ; 
and the more rapidly, therefore, the' pendulum fiiUs 
down at first, sweeps along the intermediate space, and 
stops at last — Amott. 

Why is it extremely djfficvU to ascertain the exact 
lenffth of the pendtdum f 

Because of the various expansion of metals, respect- 
mg which no two pyrometers agree; the changeaUe 
natiTre of the atmosphere ; t|ie uncertainty as to the 
true level Of the sea ; the extreme difficulty of mea- 
suring accurately the distance between the poiiit of 
suspension and the centre of oscillation, and even of 
finding that centre ; also the variety of terrestrial at- 
traction, from which cause the motions of the pendulum 
are also Uable to variation, even In the same latitude. 
In pursuing his researches, Capt. Kater discoveitfd that 
the motions of the pendulum are affected by the nature 
of the strata over which it vibrates. 

Why does the force of gravity determine hoto long ffie 
pendtdum shall he in falling to the bottom of its arc^ 
and how long in rising f 

Because the ball ofthe pendulum may be considered 
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as abodj^ descending by its weight on a slope ; a change 
in the force of eravity, therefore, would at once alter 
the rates of all tne clocks on earth. — Jimott, 

Why is the regidator of a watch merely a pin which 
heanr against the balance-spring ? 

Because it slides l^kwards and forwards, so as to 
shorten or lengthen the part of the spring left free to 
bend, thus changing the degree of its stiffiiess ; and, 
as the motion of the pendulum has relation to the 
force of gravity, so has the motion of the balance- 
wheel to the stiffiiess of the balance-spring. 

Why do persons walking arm^dnrorm^ shake each other 
vnUss iheir steps correspond f 

Because the centre of gravity in each body comes 
alternately over the right and over the left foot. 

Why are eeriain metals m^aUeable, or reducible into 
thin plates &r leaves by hammering f 

Because their aloms coheir equally in whatever 
relative situation they happen to be,, and therefore 
yield to force, and shifl about among each other, 
almost like the atoms of a fluid, without fracture or 
change of property. 

Gold is remarkably malleable, for it may be reduced 
to leaves of the thinness of 282,000 to the inch. For 
gold-beaters the metal is first formed into rods, these 
are afterwards rolled or flattened into ribands, the 
riband is eut into portions, which are extended bv 
hammering to great breadth and thinness, and whicn 
being again divided into portions, are hammered and 
extended to the thinness described. 

Why are the sted chisels and tools used for cutting 
metals sofrequenUjf, broken ? 

.Because, requunn^ to be exceedingly hard, thej 
proportionally lose, m regard to the extent of then: 
elasticity. Cast iron, which is much harder than 
maUealue or wrought irc», is very britde, while soft iron 
and steel are the totighest things in nature. — AmOtt, 

c3, 
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Wky does a smith, by hammering a piece of &ar-tro9% 
render U red hot i 

Because he thereby compresses the metal. When 
air is violently compressed, it becomes so hot as to 
ignite cotton and other substances. An ingenious in- 
strument for producing Ught for domestic uses has 
been constructed, consisting of a small cylinder, in 
which a soUd piston moves air-tight: a little tinder, 
or dry sponge, is attached to the bottom of the piston, 
which is then violently forced into the cylinder: the 
air between the bottom of the cyDnder and the pistoii 
becomes intensely compressed, and evolves so much 
heat as to light the tinder. — Lardner. 

Why is the iron rim qf a coach wheel heated h^ore 
putting on7 

Because the expansion of the metal occasioned by 
the heat, fecilitates the operation of putting on the 
iron, while the contraction which follow^, brings the 
joints of the wooden part together ; and thus, binding 
the whole, gives great strength to the wheel. 

Why does a hotUe of fresh waier, corked and let down 
30 or AQfeet into the sea^ often com^ up again toith the 
water saUish^ although the cork be stiU in its plate ? 

Because the eor^ when far down, is so squeezed as 
to allow the water to pass in or out by its siaes, but on 
rising it, xesumes its former size. 

Why do bvhbles rise on a cup of tea ushen a lump of 
sugar is dropped into it ? 

Because tne sugar is porous, and the air which 
filled its pores then escapes to the surface of the tea. 
and the uquid takes its place. 

Why are stalactites formed in (he interior of caverns 7 
Because water percolates thI^ough their porous sides 

and roofs, and being impregnated with calcareous and 

Other earths, assumes pendant forms. 

Why is (here an opening in the centre of the \iipper stone 
of a eom mJX%' . 
Because through this opening ^e grain is admitted 
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9nd kept turning round between the stones, and is al- 
ways tending and travelling outwards, until it escapes 
as flour from the circumference. 

Why does a horst in the circtut lean to the eeTvtre? 

Because, when the horse moves round vnth the per- 
former istanding on the saddle, both the horse and 
rider incline continually towards the centre of the 
ring, and the inclination increases with the velocity of 
the motion : by this inclination their weights coun- 
teract the.eflect of the centrifugal force. 

Why does water remain in a vessel which is placed in 
a sUng and made to describe a circle 9 

Because* the water, by its inertia of straightness, or 
eentrifugal (or centre-flying) force, tends more away 
from the centre of motion towards the bottom of the 
vessel, than towards the earth by gravity. 

JVhy does a spinning top stand 7 

Because, while the top is perfectly upright, its point, 
being directly under its centre, supports it steadily, 
and although turning so rapidly, has no tendency to 
move from the place ; but if the top incline at all, the 
aide of the peg, instead of the very point, comes in 
contact vdth the floor, and the peg men become9 a 
little wheel or roller, advancing quickly, and, with its 
touchmg edge, describing a curve somewhat as a 
skaiter does, until it becomes directly under the body 
of the top as before. It thus appears that the very 
&ct of the top inclining, causes tne point to shift its 
place, and so thai it cannot rest untu it come again 
directly under the centre of the top. — JtmoU. 

Why is a rocking-stone so caUedf 

Because it consists of an immense mass, loosened 
in some convulsion of nature, and with a slightly 
rounded base resting on a flat surface of rock below, 
which is so nearly balanced, that one^ individual can 
move or rock it. This arises fix)m the rounded body 
being disturbed from its middle pontioo, and its centre 
of gravity seeking to return. 
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Of these rocks, called Lo^gan or Lagg^ stones^ 
there are several among the picturesque barriers of the, 
British coast. 

Dr. S. Hibbert has very recently described a natural 
rocking-stone of ffranite, near the village of Loubeyrat, 
in the province of Auvergne, France. This stone ap- 
pears to have been an obiect of religious worship, for, 
on die top of it were two figures, a cross, and a pedestaL 
Under the figures the word pardon is traceaole, and 
otlier letters which probably alluded to the number of 
days of pardon which the cross gave to the venerator. 
The natural phenomenon of the rocking-stone proba- 
bly became an object of superstitious veneration to its 
neighbourhood, and the ng^res and cross were the 
adoring tributes of the natives. Dr. Hibbert, how- 
ever, thinks that the particular use to which rocldng- 
stones were apptied will ever remain in obscurity : '< as 
they are products of every country where loose de- 
tached rocks of a particular structure have been sub- 
mitted to the operation of atmospheric agents, it is to 
be expected tnat the fables assigned to their origin 
woula be regulated by the peculiar mythology of me 
people among whom they have become the object of 
notice and wonder." - 

Jfky haoe all shot mam/achries lojty towerSi as seen 
on the southern haiiik of Ihe Thames f 

Because, in the manufacturing of shot, the liquid 
metal is allowed to &11 like rain from a great eleva- 
tion, as throu^ these towers, and the cohesive princi- 
ple ffives rotundity to grains of shot. In its descent, 
the drops become trulv globular, and before they reach 
the ena of their fall tney are hardened by cooling, so 
that they retain their shapei 

Why does a porier leim forward when carrying a 

loadf 
Because his position must be regulated by the cen- 

trt of mvity of his body and the load taken together. 
If he Dore the load on his back, the line of direc- 
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tion would pass beyond his heels, and he would &U 
backwards. To bring the centre of gravity over his 
feet he accordingly leans forv^ard. — If a nurse carry a 
child in her arms, she leans back for a like reasom 

Why does a young quadruped walk much sooner than 
a ckiidf 

Because a body is tottering in proportion to its great 
altitude and narrow base. Now, die child has this 
latter, and learns to walk but slowly, because of the 
difficulty, perhaps in ten or twelve months, while the 
young of quadrupeds, having abroad supporting base, 
are able to stand, and even to move about almost im- 
mediately : but it is the noble prerogative of man to be 
able to support his towering figure with great firmness, 
on a very narrow base, and under constant change of 
attitude. — Amoit. 

Why are the ^ safety coaches^ huiU until (he wheels 
far apartj and the luggage-receptacles beneath the body 7 

Because they may have a broader base, and thus he 
less liable to overturn. 

Why do builders use the plummet, orjdutnb line f 
Because, when applied to a body, it id a visible in- 
dication of the line of its centre of gravity. 

Why do certain structures remain secure^ aUhoug^ 
they Mve lost their perpendicularity f ' 

Because the line of their centre of ffravlty remaini 
within the base. The famous tower of Pisa was built 
intentionally inclining, to fidghtea and sur{Mise ; it Is 
130 feet high, and overhangs its base 16 feet. At 
Boloffna are two celebrated leaning towersi one of 
which, the Asinelli, is 350 feet high, and 3i feet out of 
the perpendicular. The other, tne Gariaenda,is about 
130 feet in height, and inclines 8 feet from the per- 
pendicular. Montfaucon, the celebrated anti^uary^ 
attributes the leaning of these towers to the sinking of 
the earth. He says, it appears, upon ^zaminatiom 
that when the Gansenda tower bowed, a^reat part of 
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it went to ruin, because the ground that the inclined 
side stood on was not so firm as tlie other, which 
may be said of all other towers that lean so ; for 
** besides these two here mentioned, the tower for the 
bells of St Mary Zobenica, at Venice, leans consider- 
ably to one side. So also at Ravenna, I took notice of 
another stooping tower, occasioned by the ground on 
that side giving way a little. In the way from Ferrara 
to Venice, where the soil is marshy, we see a structure 
of great antiquity leaning to one side. When the 
whole structure of the Garisenda stooped, much of it 
fell, as appears by the top." 

The Monument, near London Bridge, inclines so 
ranch that timid people sometimes doubt its stability, 
and some years since its &11 was a point of discussion. 
Salisbury and other of our cathedral ^ires or towers 
have lost soraethinff of their perpendicularity ; Ches- 
terfield, in Derbyshire, is proverbial for its zig-zag or 
wry spire. 

The Monument is of the Doric order, and rises from 
the pavement to the height of 202 feet, containins 
within its shaft a spiral stair of black marble of 345 
steps ; the plinth is 21 4eet square. It was begun in 
1671, but was not completed till 1677 ; stone belne 
scarce, and the restoration of London and its cathedr^ 
swallowinff up the produce of the quarries. Mr, 
Elmes, in his Life of Sir Christopher Wren, the archi- 
tect, tells us that the Monument was <<at first used 
by the members of the Royal Society for astronomical 
experiments^ but was abandoned on account of its vi- 
braiums being too pre&t for the nicety required in their 
observations. This occasioned a report that it was 
unsafe ; but its scientific construction may bid defiance 
to the attacks of all but earthquakes for centuries." 
The more recent fear of its instability was therefore 
only a revival of this alarm : which probably obtained 
some credence among wecJ: persons, fi'om its being 
erroneously attributed to Fellows of the Royal Society 
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Why is ii physically advaniageotu to turn out thd 
toesf 

Because the supportiuj^ base of a mau consists of 
the feet and the space between them ; and turning out 
the toes, without taking much fh)m the length of the 
base, adds a gopd deal to the breadth. — AmoU. 

Why do very fat people usucdly throw h<tck tkeir heaa 
ajid shoiUders f 

Because, by so doin?, they keep the centre of gravity 
of the body over the base. 

SIMPLE MACHINES. 

Why have the " simple machines^ as ike lever, wheel ^ 
and axlcj plane, wedge, screw, and pulley, been long 
coiled the " mechanic powers ? " 

Because they were first used to raise great weights, 
or overcome great resistances. Hence the common 
error in supposing that they generate force, or have a 
sort of innate power for saving laboiu: ; whereas, nei- 
ther simple machines nor mechanic powers save la- 
bour, in a strict sense of the phrase. 

Why, then, are these machines advantageous f 
Because they allow a small force to take its time to 
produce any requisite magnitude of effect. Thi]i,one 
man's effort, or any small power, which is always at 
command, by working proportionally longer, will an- 
swer the purpose of Sie sudden efifort oi many men,^ 
even of hundreds or thousands, whom it might be 
most inconvenient and expensive, or even impoanbl*- 
to bring together; 

Why are there so many vcdn schemes for perpehuU 
motions, and neto mechanical engines of pow&r^ 

Because the projectors do not understand the great 
piith, that no form or combination of machinery ever 
did or ever can increase, in the slighest degree, the 
quantity of power applied. Hence Uie futility of sup- 
posing that a leaver, or gre^l pendulum, or wpmg, or 
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heavy fly-idieei, &c. can ever exert more force than haa 
paved into it from some source of motion. — ^^moU» 

THE I.ETER. 

Why is a (earn or rod of any Idndj resting at one part 
on a prop or axis, which becomes Us centre of motion^ a 

Because such a contrivance was first employed to 
lift (levare, Latin) weights. 

The lever, in mechanics, compensates power by space, 
and what is lost in power is gained in time. If the 
lever be 17 feet long, and the pivot or fulcrum be a 
foot from one end, an ounce placed on the other end 
will balance a pound placed on the near end. If^ in- 
stead of an ounce, we place upon the long end the 
short end of a second beam or lever, supported by a 
fulcrum one foot from it, and then place the lonff end 
of this second lever upon the short end of a third lever, 
whose fulcrum is one foot fh)m it ; and if we put upon 
the end of this third lever's long arm an ounce weight, 
that ounce will move upwards a pound on the second 
levei^s long arm ; and this moving upwards, will cause 
the short end to force downwards 16 pounds at the lonff 
end of the first lever, which will make the short end 
of the first lever move upwards, although 256 pounds 
be laid upon it. The same effect continuing, a pound 
' on the long end of the third lever, will move up a ton 
and three-quarters at the short end of the first lever, so 
that the touch of a child's finga*, will move as much 
aa two horses can draw. — ^JVotes in Science. 

Whf did Arckimates reasonobly enough say, << Qioe 
me a tever long muntghy and aprop shrong ^enoitgh^ and 
wUh my own weighi I will move the world f " 

Because there is no limit to the difference of in- 
tenaity in forces, which may be placed in opposition to 
each other by the lever, except the length and strength 
of the material of which the levers must he formed. 
fittt he would have required to mOve with the velocity 
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9f a oaanoB-foall for miHioDB of ages, to alter thepo- 
ntion of the earth by the small part of as inch. Thitf. 
feat of Archimedes is, in mathematical truth, perfi>rmed 
by every man who leaps from the ground, for he tucks 
the world away when he rises, Sad attracts it again 
when he falls bsick. — *^moU, 

Why is a finger caught near the hinge of a ahutHng 
door so nrnch hgfwred f 

Because the centre of action of the door movea 
throuffh a space comparatively great, and acts with a 
great lever-advantage on a resistance placed near the 
fulcrum of the lever where there is little motion. 
Children pinching their fingers in this way, or in the 
hinge of the fire-tongs, where there is a similar action, 
wonder why the bite is so keen. 

Jfhy have pincers or forceps swk exbraordmary 
power 7 

Because they are double levers, of which the hinge 
is the common prop or fulcrum. Dr. Amott thus illus- 
trates the advantages of this machine : — ^In drawing a 
nail, with steel nippei^ we have a good example of me 
advantages of using a tool ; 1. The najl is seized by. 
teeth of steel, instead of by the soft fingers ; 2. Instead 
of the griping force of the extreme fingers only, there 
is the force <x the whole hand conveyed through the 
handles of the nippers ; 3. The force is rendered, per- 
haps, six times more effective by the lever length of 
the handles ; and, 4. By making the nippers, in draw- 
ing the nail, rest oil one shoulder as a fulcrum, it ac- 
quires all the advantages of the lever or claw-hammer^ 
for the same purpose. 

Why do Iq/bf sails often cause open hoots to vpset ? 

Because tne mast and sails set upon it are as a long 
lever, having the sails as the power, turning upon tbe^ 
centre of bnovaocy of the vessel as ti^e fulcrum, and- 
lifting ^e balance or centre of gravity as the rewt-. 
ance. 

PART VII. 9 
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ffh^ may a hoy, who cannot exert a direct force of 
SXXbi^ hv means of a elauhhammerf extract a naUy to 
tMdihalfaton mtghi he stupendedf 

Because his hand, perhaps, moyes tiirough eight 
inches, to make the nail rise one quarter of an inch« 
The claw-hammer also proves, that it Is of no conse- 
quence whether the leyer be straight or crooked, pro- 
vided it produces the required difference of velocity 
between power and resistance. The part of the ham- 
mer resting on the plank, id the fulcrum, or prop. 

ffhy does a combination of levers produce such extror 
ordinary power f 

Because if a lever, which makes one balance ^our, 
be applied to work a second lever which does the same, 
one pound at the long arm of the first, will balance 
sixteen pounds at the shon arm of the second lever, and 
would oalance sixty-four at the short arm of a third 
such, &c. — ^^mott, 

WHEEI. AND AXLE* 

Why is mx>tion transmitted through a train of wheel- 
work oy the formation of teeth upon the circumference cf 
the wheels 7 

Because the indentures of each wheel fall between 
the corresponding ones of that in which it works, and 
ensure the action so long as the strain is not so great 
•8 to fracture the tooth. 

fFhy is a heanjy wheel sometunes used as a concentrator 
qfjorccy or a mechanic power ? 

Because, by means of a winch, or a weight, or 
otherwise, motion or momentum is gi-adually accu- 
mulated in the wheel, and is then made to expend 
itself in producing some sudden and proportionally 
great efl»ct 

The coining-^re^ses of the Royal Mint are thus im- 

Sned bv a fly-wheel, and generally complete a coin 
one blow; and thev strike, upon an average, 60 
3WB in one minute ; tne blank piece, previously pre* 
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pared and aimealed, being placed between the diei 
by part of the same mechanism. The number of pieces 
which may be struck by a single die of good steel, 
properly hardened and tempered, not unfreouently 
amounts, at the Mint, to between 3 and 400,000. 
There are eight presses frequently at work for ten 
hours each day, and each press produces 3,600 pieces 
per hour ; but, making allowances for occasional stop- 
pages, we may reckon the daily produce of each press 
at 30,000 pieces; the eight presses, therefore, will 
furnish a diurnal ayerage of 240,000 pieces. 

Why is it an error to accourU the Jly-whed a potitive 
povoer ? 

Because, in common cases, it merely equalizes the 
effect of an irregular force. Thus, in using a winch 
to turn a mill, a man does not act with equal force all 
round the circle; but a heavy wheel, nxed on the 
axis, resists acceleration and receives momentum, 
while his action is above par, and returns it again 
while his action is below par, thus equalizings the 
movement. Again, in circular motion produced by a 
crank, when by the pressure of the foot on a treadle, 
we turn a lathe, or grindstone, or spinninff-wfaeel, the 
force is only applied during a small part of the revolu- 
tion, or in the form of interrupted pushes, yet the 
motion goes on steadily, because the turning grind- 
stone, or wheel, or lathe, merely becomes a fly and 
reservoir, equalizing the effect of the force. 

Why is the common winch in principle a u>hul7 
Because the hand of the worker describes a circle, 
and there is no difference in the relult, whether an 
entire wheel be turning with the hand, or only a single 
spoke of the wheeL 

Why is a man on a ireadmiSl cwnpcUtd to hup per^ 
petuauymmmt^f ^ 

Because, bemg placed at the circumference of the 
wheel, hjs weight turns it, and he must move forward 

p9 
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SB ftflt SB the wheel demcoda, so as to maintaiii his 
positioii continiiaUy at the extremi^ of the hoiizcmtal 
mameter of die wheeL 

The inTention of the treadmill is, by some penaoa, 
■rid to have be«i derived from a sqairrel ia a eyhn- 
dricid wire cage. 

WHEEL CARRIAGES. 

Whf haoe tehed carriages hun advantagttmaly m&- 
MuUd far dedgeif 

Because the rubhiiig or fiiction, instead of bong 
between an iron shoe and the stones and irresnlarities 
of the road, is between the axle and its bush, which 
have surfiuses smoothed and fitted to each other, and 
wen lubricated. 

Wkjf does tht uhtd aid Ae prtgreas of a earruigef 
Because while the carriage moves forwards, p^- 
haps 15-foet, by -one revolution of its wheel, the rub- 
ling part, viz. the axle, onl^ passes over a few inches 
of UM internal surfiuse of its smooth greased bush. 
Again, the wheel surmounts any abrupt obstacle taa 
the road, by the axle describing a genUy rising slope 
or curve ; and by rising as on an inclined plane, ami 
giving to the drawing animal the rehef which such a 
plane would brings — ^^moiL 

Why are uheels usuaUy made of a ditktdfarm, Ikai 
ii^ VRoMng ofukoards^ 

Because they thus acquire astonishing strength, in- 
deed that c^ die areh, as contrasted with the flat or 
upright wheel ; the dished form is farther useful in 
this, that when the carriage is on an inclined road, 
and more of the weight consequently falls upon the 
wheel of the lower side, the inferior spokes of that 
wheel become nearly perpendicular, and dierefore 
support the inqreased weiffbt more safely. The dis- 
advantage of mese wheels, however, is, that an in- 
diniBg wheel naturally describing a curved path, tl^ 
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horses, in drawing straight fotWBrd, have to overcome 
this deviating tendency m all the wheels. — AmaU, 

Why are odes made of steety and the porta <m vfkM 
that bear of brass ? 

fiecause friction is universally diminished by letdnff 
the substances which are to rub each other be of di^ 
ferent kinds. The swiflness of a skaiter, it may bo 
observed, depends much on the dissinularity between 
ice and steel. 

Why are thefore-wheeh of cmniages smaller thm (he 
Mnd-wheels 9 

Because they facilitate the turning of the carriage. 
The advantaffe of the wheel is proportioned to me 
magnitude ; the smaller wheel having to rise a steeper 
curve. It is not true, however, accordinff to the 
popular prejudice, that the large hind-wheels of 
coaches and waggons help to push on the little wheels 
before them. — ^notL 

From these causes, continues the same ingenious 
writer, '^the difference in performing the same jour- 
ney of a mile by a dedge and a ^eel carriage, is^ 
that while the former rubs over every roughness in 
the road, and is jolted by eveiy irregularity, the rub- 
bing part of the latter, the axle, gfides very slowly 
over about thirty yards of a smoothed oiled suriace, in 
a gently waving line. It is ascertained that the re- 
sistance is thus reduced to 1-lOOth of what it is for a 
sledge." 

Why da springs not only render earriaftes easy vehu 
des on rough roads, but muck lessen me jpuff to (he 
horses $ 

Because, where there is no spring, the whole load 
must rise with every rising of the rrad, and must sink 
With every depression, and the depression costs as 
much as the rising, because the wheel must be drawn 
up again from the bottom of it ; but in a spring car- 
riage, moving rapidly along, only the parts Mow the 

n3 



do KNOWLEDGE FOft THE PEOPLE* 

IqMings are moved, in corre«pondence with tlie iiregu- 
laritiee, while all ahove, by the inertia of the matter, 
have a soft and steady advance. — Am0Ut, 

Again, springs of carriages convert all percusAon 
Into mere increase of pressure: that is to ..say, the 
collision of two hard bodies is changed by the inter* 
position of one that is elastic, into a mere acx^ession of 
weight It is probable, that under certam modiiica- 
tions, springs may be applied with great advantage 
to the heaviest waggons. 

In surinounting obstacles, a carriage with its load 
being lifted over, the springs allow the wheels to rise, 
while the weights suspended on them are scarcely 
moved from their horizontal leveL 

Why art "under-spnTigB** so advardageoua in very 
Hiodxm carriofres 7 

Because they insulate from the effects of shocks, 
all the parts, excepting the wheels and axletrees 
themselves. When only the body of the carriage is 
on springs, the horses nave still to rattle the heavy 
fnime-wofk below it, over all irregularities. 

fFkyjHn descending a hilly road, is it common to lock 
or /Kr one of the wheds of a carriage ? 

Because, the friction is then increased, and there is 
less chance of a rapid descent; the horses having then 
tb pull nearly as raxich as on a level road, with the 
%beel free. 

We have noticed a very effec^Jal mode of " locking" 
the hind wheels of carriages, on the continent by 
sckreiVitig a bar transversely, against the outer rim of • 
the wheels ; by this means, the wheels may be either 
|Mfftially'or wholly locked, according to a powerful 
ik^w, m the centre of the bar. This mode is adopted 
fay the Paris diligences ; we first noticed it in a Swiss 
eaUeh€f of great strength. The bar is rather unKght- 
lT,i>uttyar exeellence m the construction of wheel* 
mriagite should not lead us always to look for ele* 
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gUQce, where conyenience is ^ a main point, as in a 
vehicle for travelling. 

Why should a road up a very steep hiU, be made to 
wind or zig-zag aU the tvay f 

Because, to reach a given height, the ease of the 
pull is greater, exactly as the road is made longer. 

Why is U important to make roads as level as poS" 
siblef 

Because, a horse drawing on a road where there is 
a rise of one foot in twenty, is really lifting one twen- 
tieth of the load, as well as overcoming the friction, 
and other resistance of the carriage. — Jimott. 

THE WEDGE. 

Why are cutting insiniments, knives, razors, the cure, 
ifc, examples of the wedge 9 

Because at the same time that we pull them len^- 
wlse, we press them directly forward, against the object. 
A saw, too, is a series of wedges. 

Why does a razor, {if drawn lightly otfier the hand] 
dart into the flesh , whereas, if pressed against the hana 
wUh considerable force, it wQl not enter 7 

Because of the vibration of particles produced by 
the drawing action, which enables the razor to insinuate 
itself more easily. We witnessed an example, only a 
few days since, when a bon vivant, in A fit of mis- 
chievous ecstasy, seized a pointless table knife, and 
passed it very lightly down the back of his friend's 
coat. The injury was not immediately seen, but the 
clol^ proved cut, from the collar to the wai^ ; whereas, 
tiad the knife been heavily pressed against the cloth, the 
^oat would have escaped injury, and the gay fellow the 
expense of his folly. 

Why is the wedge so important an agent in (he arts 
andmanifacturesf 

Because it exerts enormous force through a very 
flmall space. Hius, it is resorted to for splitting maases 
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of timber, or stones. Ships are raised in docks, hj 
wedges driven under their keels. The wedge is the 
principal agent in the oil-mill. The seeds, from w^hich 
the oil is to be extracted, are introduced into hairbags, 
and placed between planes of hard-wood. Wedges 
inserted between the bags, are driven, by allowmg 
heavy beams to fall on them. The pressure thus 
excited is so intense, that the seeds in the bags are 
formed into a mass nearly as solid as wood. — Lm-dner. 
The details of an extensive oil mill near Garrat are 
as follow: — A magnificent water-wheel, of 30 feet, 
turns a main shaft, which gives motion to a pair of 
vertical stones, raises the dnving-beams, and turns a 
band, which carries the seed in small buckets from the 
floor to the hopper. The shock on the entire nervous 
Bvetem, produced by the noise of the driving-beams as 
they fall on the wedges, is not to be described. The 
sense of hearing for the time is wholly destroyed, and 
the powers of voice and articulation are vainly exerted. 
The noise is oppressive, though a rebound, compara- 
tively tuneful, takes place, till the wedge is driven 
home; but afterwards the blows fall dead, and pro- 
duce a painftil jar on the nerves, affecting the auditor 
for some hours with a sense of general lassitude. 

THE SCREW. 

Hliy doesn screw enable a small force to produce sttch 
prodigious effects f 

Because every turn of the screw carries it forward 
in a fixed nut, or draws a movable nut along upon 
it, by exactly the distance between two tmns of^ its 
thread : this distance, therefore, is the space described 
by the resistance, while the force moves in the circum- 
ference of the circle described by the handle of the 
screw; and the disparity between these lenffths or 
spaces is oflen as a hundred or more to one. — AmotL 

Why may the screw he called a wiwHng wedge f 
Because it has the same relation to a straight 
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wedge, that a road winding up a hill or tower has to a 
straight road of the same length and acclivity. 

Hliy is ffte screw, in some respects, a disadvantageous 
conJbrivance f 

Because it produces so much friction, as to consume 
a considerable part of the force used in working it. 

Why do malhemaHcal instrument makers mark divi- 
sions on their work with the screw 7 

Because it can easily be made with a hundred turns 
of its thread in the space of an inch, and at perfectly 
equal distances from each other. If we suppose such 
a sci^w to be pulling forward a plate of metal, or the 
edge of a circle, over which a sharp-pointed steel 
marker is placed, which moves up ana down perpen- 
dicularly, the marker, if let down once for every turn 
of the screw, will make just as many lines on the 
plate ; but, if made to mark at every hundredth or 
thousandth of a turn of the screw, which it will do 
with equal accuracy, it may dmw a hundred thousand 
distinct lines in one inch. 

Wh^ may a printing press he said to do the work of 
Jifhimenf 

Because a solitary workman, with his screw or other 
engine, can press a sheet of paper against types, so as 
to take off a clear impression ; to do which without 
the press, the direct push of fifty men would be insuffi- 
cient ; and these fifty men would be idle and super- 
fluous, except just at the instant of pressing, which 
recurs only now and then. This, and the two preced- 
ing illustrations, are almost literally from Dr. Amott's 
works, in which the iniportance of having correct no- 
tions on the subject of the simple machmes, or me- 
ehanicat powers, is illustrated by many other familiar 
examples. 

THE PULI.ET. 

ffky is ihe puUey an advantageous machine ? 
Because, in such a construction, it is evident that 
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the weight (let it be supposed ten pounds) is equally 
supported by each end of the rope, and tliat a man 
holding up one end, only bears half of it, or five 
pounds; but to raise the weight one foot, he must 
draw up the two feet of rope ; therefore, with the pul- 
ley, he lifts five pounds two feet, where he would have 
to lift ten pounds one foot without the pulley. 

Jfhy have fixed jmUics no mechaniccd advantage ? 

Because the weight just moves as fast as the power ; 
yet such pullies are of great use in changing the direc- 
tion of forces. A sailor, without moving from Uie 
deck of his ship, by means of such a pulley, may hoist 
the sail or the signal flag to the top of the loftiest mast. 

fVhy M the pvUey on ship-hoard called a hlock ? 

Because of the block or wooden mass which sur- 
rounds the wheel or wheels of the pulley. Hence the 
machinery for making these pullies is called hlock-ma- 
chinery. Of that at Portsmouth, invented by Brunei, 
there is a set of magnificent models in the possession 
of the Navy Board. They consist of eight separate 
machines, which work in succession, so as to begin 
and finish off a two-sheaved block four inches in len^h. 

Mr. Faraday, in a lecture at the Royal Institution 
in 1829, stated generally, that the block-machinery of 
Portsmouth, by adjustments, could manufacture blocks 
of one hundred different sizes ; could, with thirty men, 
make one hundred per hour ; and, from the time of 
its completion in 1804-5, to that day, had required no 
repairs from Maudslay, the original manufacturer. 
The total cost was £46,000, and the saving per annum, 
in time of war, was £25,000, after allowing interest 
for capital, and paying the expense of all repairs. 

Why 18 a chair or bucket, attached to one end of a 
rope which is carried dver a fixed pulley, used as afirp- 
escape^ 

Because a person, by laying hold of the rope on the 
other side, may, at will, descend to a depth equal to 
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half of the entire length of the rope, by continually 
yielding rope on the one side, and depressing tfate 
bucket or chain by his weight on the other. In this 
case the pulley naust be attached to some part of the 
building, or it is recommended that each chamber- 
floor of a dwelling-house should have a staple fixed 
near the exterior of a window, to which staple the 
pulley may be attached by a hook. This is, perhaps, 
the simplest fire-escape yet proposed, and we need 
scarcely add, the simpler the means the more likely is 
it to succeed in extreme danger. 

FRICTION. 

Why is (he friction greater between puces of Hie same 
svbstance, than between pieces of different svhstanceSy 
tmth dissimUcar grains ? 

Because, it is supposed, of the roughnesses, or little 
projections in the former, mutually fitting each other, 
as the teeth of similar saws would. 

" But for fiiction," observes Dr. Amott, ** men walk- 
ing on the ground or pavement would always be as 
if walking on ice ; and our rivers, that now flow so 
calmly, would all be fiightful torrents." 

Why does (hejriction of various woods against each 
other vary ? 

Because of their diflerent degrees of hardness ; the 
soft woods in general giving more resistance than the 
hard woods; thus, yellow deal aflbrds the greatest, 
and red teak the least friction. Soft metals cuso pro- 
duce greater friction, under simiilar circumstances, 
than those which are hard. — G, Rennie* 

Why is the friction of surfaceSf when first brovghl 
inUycontacty often greater than after their attrition has 
been continued a certain time ? ^ 

Because the smoother the surfaces are the less will 
be the fiiction, and that process has a tendency to re- 
move those minute asperities and projections on which 
the fiiction depends. But this has a limit, and after 
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a certain degree of attrition the fiiction ceaaea* ta 
decrease. 

Why does smearing the swfcues with unduous fnaUer 
diminish ihe/ricHon3 

Because it fills up the cavities between the minute 
projections which produce the friction. 

Why has plumbagOf or black lead^ been svhstihUed Jbr 
oU in clocks and chronometers f 

Because, when mixed with spirit, it readily adheres 
to the surface of a steel pivot, as well as to the inside 
of the hole in which it runs, so that the rubbing sur- 
faces are no lonser one m^tal upon another, but plum- 
bago upon plumbago. These surfaces, by their mutual 
action, s]>eedily acquire a polish inferior only to that of 
the diamond, and then the retardation of the machine 
from friction is reduced almost to nothing, and wear 
and tear from this cause is totally prevented. 

Why are jeweUed holes usurious to the pivots of 
xoatches and chronometers f 

Because, sooner or later, however perfect the pol- 
ishing mav be, the hard substance of the jewel gnnda 
and cuts the sleel pivot, and the metallic particles clog 
the oil. 

Why is a peculiar metal requisite for pivot-holes f 
Because it must preserve the oil in a fltud state, 
have littie friction with the steel pivot, and be in a de* 
gree softer than the pivot, for it is of less consequence 
tiiat the hole be worn than the pivot. Brass is objec- 
tionable, on account of its liability to rust, and gold 
is too soft for the purpose. Now, an alloy possessing 
the above requisites has lately been discovered by Mr. 
Bennett, watchmaker, of flolbom. It consists of poie 
gold^ silver, copper, and palladium, and its small ez«- 
pense, compared with tiiat of jewels, is not its least 
recommenttation. 
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STRENGTH OF MATERIALS. 

Wk^ is a JwUoio tube of metal stronger than the same 
qudnitly qf mdal as a solid rodi 
* Because its substance, standing further from the 
centre, resists with a larger lever. Hence, pillars of 
cast-iron are generally made hollow, that they may 
have strength, with as little metal as possible. Masts 
and yards for ships have been made hollow, in accord- 
ance with the same principle. 

Why does a plank hend and break more readily (han 
a beam, and a beam resting on its edges, hear a greater 
weight than if resting on tts side ? 

[Because the resisting lever is smaller in proportion 
as the beam is thinner. Where a single beam cannot 
be found deep enough to haite the strength required 
in any particular case, as for supporting me roof of a 
house, several beams are joined together, and in a 
great variety of ways, as is seen in house-raflers, Slc 
which, although consisting of three or more piecefli 
may be considered as one very broacl beam, with those 
parts cut out which do not contribute much to the 
strength.— v^tmo^. 

Why is a beam, when bent by its weight in the middle^ 
very liable to break 7 

Because the destroying force acts by the long lever, 
reaching from the end of the beam to the centre, and 
the resisting force or strength acts only by the short 
lever, from the side to the centre ; wliile only a httle 
of the substance of the beam on the under side is al- 
lowed to resist at all. This last circumstance is so 
remarkable, that the scratch of a pin on the under side 
of a plank, resting as here supposed, will sometimes 
suffice to beg^ the fracture. — Amott» 

Why is a suspension bridge more economical thasi an 
ordinary^ or insistent bridge 9 

Because a suspension-bridge varies its curve ao as 
to adapt it to any variation or pertiai exoeae in it^ 

PART VII. s 
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load, ID consequence of which, the strength of the 
chains may, ynth great precision, he adjusted to any 
required strain, and no more : while, in insistent bridges^ 
the liability of the arch to a fiital derangement of its 
form by partial or excessive pressure, requires an enor- 
mous increase of weight and strength, beyond what is 
reouisite for the mere support of its load, supposing it 
to DO uniformly distributed. — Mnger, 

Why iff iron admirably adapted for the construcHon qf 
Munennon bridges f 

Because the greater part of the weight of these 
bridges arises from the chains themselves, wherefore, 
^e best material for the purpose, is that which has 
great tenacity with small weight ; and iron is at the 
same time the most tenaciofis, and, excepting tin, the 
lightest of the common metals. A square inch of good 
iron requires about 25 tons to separate it, — and it will 
not be stretched or otherwise affected, with lees than 
half ihot weight Rope bridges, have, however, been 
introduced, with the advantages of economy and porta- 
bility, into British India, where a rope-bridge, 160 feet 
in length, is so light and portable, that it has been se- 
veral times |»t up and removed in a few hours. — M^^ 
ger. 

We may here mention, that Mr. Bevan has found 
the strength or cohesion of cast-iron, to be upwards of 
30,000 pounds to the square-inch, though much de- 
pends upon the mode of applying the force. 

Why is iron best cemented by cagt-^ron^ 

Because pure iron, when surrounded b^ and in con- 
tact with cast-iron turnings, and heated, is carbonized 
very rapidly,, so as to exhibit all the properties of steel. 

Why is^heatedair wno used in smeUing iron ? 

Because it requires but three-fourths of the quanti^ 
of coal requisite, when cold air, that is, air not artin- 
dallv heated, is employed for that purpose ; while the 
produce af ^e furnace in iron,- is at the same time 
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greatly increasecL It is supposed, that this improve- 
ment will accomplish a saving in the cost of the iron, 
in Great Britain, to the amount of at least 200,000/. 
a-year. — Jameson. 

Why art pUes for bridge-gilding, driven by great 
toeighJ^ (einfi* suddenly letfaU on ihem ? 

Because me body of the workman being too weak, 
to give a forcible downward push directly, he employs 
a certain time in carrvinff a weight up to such an 
elevation above his work, mat when let faU, its mo^ 
mentum may do what is required. Here the continu- 
ed efforts of the man in Ufling the weight, to a height 
of perhaps thirty feet, may l^ just sufficient to sink 
into the earth one inch ; and the continuance has, 
therefore, balanced forces, which are to each other in 
intensity, as thirty feet to an inch. — t^bmotL 

fVky does an iUrbuiU bridge generaUyJlaUen in the arek^ 
Because the builder has not sufficiently attended to 
the effect of the horizontal thrust of the arch on its 
piers. Each arch is an engine of oblique force, push- 
ing the pier away from it. In some instances, one 
arch of a bridge faHlvig, has aUowed the adjoining 

1>iers to be pushed down towards it, by the thrust, no 
onger balanced, of the arches beyond ; and the whole 
structure has given way at once, like a child's bridge, 
built of cards. — ^^mott. 

The principle of bridge-building is beautifblly illus- 
trated by the small toy-models ; &e stones being rep- 
resented by separate pieces of wood, which the 
juvenile architect is required to form into an arch, or 
arches. It could be wished that the above and such 
scientific toys were better appreciated in England. 
They seem only to suit the caprice of the moment. 
Thus, the Chinese, Indian, and other puzzles, were 
but the fiivourites of a year, and Dr. Brewster^s splen- 
did kaleidoscope was less understood, andmoVe abu»* 
ed, than any modem discovery. 
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ffkjf do the great domes of ehurches rtsemhle nmpU 

etrchea^ 

Because they have strength on the same principle, 
being in general, strongly bound at the bottom, ^mA 
chains and iron bars, to counteract the horizontal 
thrust of the superstructure ; this binding, in truth, re* 
sembling a pier all round. St. Peter's at Roi^^ie, and 
St. Paul's in London, are fine examples; as is also 
the large fir roof of the Basilica oi St Paul's. At 
Rome, the trusses are double, and placed fifteen inch- 
es asunder, which gives it, probably, more stability 
than if they were strapped and bound into fflngje 



ffhy ia the Gothic or pointed arch so untversaRy ad- 
mirtd for its strength and beauty ? 

Because it bears the chief weight on its summit or 
key-stone. Bishop Warburton, in his Dipine Legatum^ 
mpposes the Gothic arch to have been taken &c^aoi an 
avenue of trees. Hence the ^high o'er arching 
groves," and ^ the verdant portico of woods,** of Mil- 
tan and Thomson ; Cowper says, 

* * The grove receives us ncrt, 
Between the upright shafts of whose tail elms,'> &c. 

In Batch worth Park, Surrey, is an avenue of gigantic 
elms : its length is 350 yards, resembling the nave qf a 
cathedral ; the trees form. On the outside, a vast scre^i 
or wan of verdure ; within, the branches, meeting at a 
great height in the air from the opposite rows, form 
^ Gothic arches," and exclude every ray of the meri* 
dian sun. 

Why does the arched form hear pressure so adnwrahiy f 
Becau8ey4)y means of it, the force that would de- 
stroy is made to compress aU the atoms or parts at 
once, and nearly in the same degree. The whole sub- 
stBoee of the arch therefore resists, almost like that of 
a straight pillar under weight, and is nearly as strong. 
The strength of the^ arched Ibrm is exemplified in 
the well-known experiment of bottles, containing only 



air, and corked, being let down into the scs, and dranTi 
up filled with water, and the cork driven in l>eloiv the 
neclt of the Ixittle. Thus, if the honle have flat sides^ 
and be square-bottomed, it will be brolten by the pree- 
sure ; but, if it b« round, it will bo more likely to resist 
thepree8ure,and have the cork forced in. Tlie shape, 
in tbia case, is conducive to strength, — partaking of uie 
qualities of an arch. 

It is not known at what period ihe arch was invented, 
but it was comparativety m modem times. The hint 
was probably taken Irom nature ; arched rocks being 
among the interesting wonders ofthe earth. At Lewis, 
in the Hcbride^ is a stupendous specimen of curved 
gneiss, (a primitive rock, in which meisls mogily 
abound) which has the bold symmetry of the Saxon 
arch. It is a matter of ^rprise, that, with so inany 
specimens in nature, the arched form was not adopted 
eailier. The huitian skull is another specimen of the 
arched form ; and the strength thus obtained, explains 
the unseeming impossibiUly of breaking an egg by 

erasing it endwise between our hands: again, what 
ard blows of the spoon or knife are ofleu requisite (0. 
jienetrate the shell. " The weakness of a umilar sub- 
stance, which has not the arched fbrtn, is seen'ih a scal^ 
from a piece of fi^e-stone, which so readily crumbles 
between the fingers." 

It is generally admittvil. ilitii iliu early Greeks were 
unacquainted with the piiiiciple of constructing the 
arch, and that neither th<? Indians nor Egyptians were 
acquainted vrith it. .In Eaypt, however, the monu- 
ments of which country arc njore ancient probably than 
any other on the fece of the globe, the form of the Ro- 
man arch was well known, as is attested by remaJm of 
passages cul Dfil in stone. Among tlie ruins of Theses, 
Buu-dried brick-building!^ Iimvo been found to contaiu 
eoTUtTVtted arches, wWfli niay be referred to an ago 
coevai with Thebra itsi'lil as wril as to any later pe- 
riod. In the oldest building of the Heiian, are round 
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and pointed arches, cut out and constructed ; so that 
the arch may be carried back to the earliest period at 
which these fertile plains were first peopled by a race 
dwelling in houses ; and this we know to have been as 
early as the time of Job, or even before, as, in his day, 
his sons and daughters feasted luxuriously in hcAses, 
It is not, however, to be necessarily inferred from this, 
that the Romans borrowed the form of the arch, or the 
principle of its construction, from the East, since these 
might both have existed in this quarter at an early pe- 
nod, and yet have been discovered in Italy at a much 
later date, without any knowledge of its existence else- 
where.-— ^ftru^crfyrom BuckingharrCs Travels. 

Why is thjt in/oerUion of architecture attrilyuted to the 
Eguptians ? 

. /Because the Egyptian capitals are a complication of 
JD»rders in one mass, which, if divided, would produce 
)^timerous hints for new ideas. Thus, from the lotus- 
teaved capitals, it will be acknowledged, that the Ooric 
and CorirUhian orders have been extracted. The lonic^ 
"Iso, is believed to have originated in Egypt ; from Ae 
^miains of Uie small temple of Isis, in me island of 
ylsB. , Isis, is the lo of the Greeks, from Whom the. 
joame of Ionic was no doubt derived ; and it is very 
probabtey diat he who introduced the order gave it that 
ppnxe, as having been taken from the temple of the 
j|oddes8. . ^uch is the hypothesis of Belzoni, respecting 
piree of thie five orders; the remaining two are thus 
ex()Iaihed ; — ^the jHwcart, by inspection, and comparison 
of its 'cpmp6nent elements, will be found almost the 
same ais {he Doric, and is evidently derived from it ; 
and the Composite is formed of the proportioiis and en- 
irich^ents 6f the Coriiithian order, and the angular 
volute of the Ionic. 

t V^ ^ ^ EgyfUaiis erect such stupendous monu- 
Because, it is conjectured, of the policy of the 



MECHAIflCS. 43 

Egyptian rulers, whose plan to prevent die evils of 
over-pOpulousness, was, to accustom the lower orders to 
a spare diet, and employ them in the construction ot 
htige edifices, destined for tombs, or the temples of re- 
ligion. Hence, the pyramids and excavated temples, 
wnich still excite the wonder of the woiid, and prove 
what may be ejected by the aid of the simplest ma- 
chinery, — ^with time, numbers, and perseverance.— 
Bdzoni, ' 

Why do the more ancient Egypiian monuments ex- 
ceed me later in design and execution ? 

Because, among the Egyptians, every thing advanced 
to a certain point of perfection ; — ^there stopped, never to 
advance, but rather to recede. — Behonu ^ 

Why are light-houses buUt of a circular form f 
Because, partaking of the properties of tjfie arch, it 
best enables them to withstand the fury of tempests, 
jfron^ every quarter, "pie Eddystone light-house, built 
by Mr. Smeaton, the English engineer, is a splendid 
triumph of tiiis principle. 

Why loere mirrors first used for reflecting light' 
hmses ? 

Because of the following trivial circumstance. ' 

At a meeting of a society of mathematicians^ at Li- 
verpool, one of the members proposed to lay a wager, 
that he would read a paragraph of a newspaper, at ten 
yards distance, with the light of a farthing candle. 
The wager was laid, and the proposer covered the in- 
side of a wooden dish with pieces of looking-glassi 
fastened in wiih glazier^s putty,— placed his reflector 
behind the candle, and won his wa^er. One of the 
company marked this experiment with a philosophic 
feye. TfhJs was Capt. fiutchmson, the Dock-maSter, with 
Whom originated the Reflecting Light-houses, erected 
«t Liverpool, in 1763. 

The revolving lights, as at Calais^ are an im)>h^e- 
ment upon this invention. Lieutenant Drun^nK^ d's 
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ingenious application of iffnited lime to the illumina- 
tion of lieht-nouses, a briluant discovery of the present 
day, has Deen already noticed.* 

Why is hempen-rope preferable to iron-chain for the 
scale of a weighing beam 7 

Because the rope resists a greater weight falling into 
the scale than is resisted by the chain, and is altoge- 
ther stronger than the chain ; the hemp yields by its 
elasticity, and continues its resistance through a con- 
siderable space and time, — and thus at last gradually 
overcomes the momentum ; while the iron, by not yield- 
ing, either requires to be strong enough to stop the 
mass suddenly, or breaks. 

Why are chain cables stronget than those of hemp or 
ropef 

Because the chain, by its weight, hangs as a curve 
or inverted arch in the water, while the rope beins 
nearly of the weight of water, is supported by it, and 
becomes almost a straight line fi*om the anchor to the 
ship ; and when a great wave dashes against the ship, 
the straight rope can only yield by the elasticity of its 
material, and, comparatively, therefore, a little way; 
but the bent chain will yield until it be drawn nearly 
straight, and by this greater latitude of yielding, and 
consequent length of resistance, it will stand a greater 
shock. — Amott. 

Whf is BrUiah oak mare durable' ihan that of North 
America f 

Because variable weather, as in Britain, conduces to 
firmness, whereas, the hot summers of North America 
impoverish its growth. 

Why is steaming pr^udidal to timber f 

Because the heat and moisture together, always 
weaken that constituent principle of the timber, upon 
which its strength and durability in a great measure 
depend. 

* See PopULAn Chbmutbt, page 50 
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JHty is steaming indispensable for skip-hinlding f 
Because the planks cannot be otherwise curved or 
twisted, as in the bends of the hull of the vessel. 

To give an idea of the enormous quantity of timber 
necessary to construct a sliip of war, we may observe, 
that 2,0()0 tons, or 3,000 loads, are computed to be re- 
quired for a seventy-four. Now, reckoning fifty oaks 
to the acre, of 100 years standing, and the quantity in 
each tree at a load and a half, it would require forty 
acres of oak-forest to build one seventy-four ; and the 
quantity increases in a great ratio, for the largest class 
of line-of-battle-ships. A first-rate man-of-war requires 
about 60,000 cubic feet of timber, and uses 180,000 
pounds of rough hemp, in the cordage and sails for it. 
The average duration of these vast machines, when 
employed, is computed to be fourteen years. It is 
supposed, that all the oaks now in Scotland, would not 
build two ships of the line. In Sweden, all the oak 
b^ongs to the king, or the proprietors of estates can 
only depose of it to government ; so that, when not 
wanted for the navy, it is often left to decay, and in- 
deed, is generalfy much neglected. 

fflty is teak wood superior to oak ? 

Because it is stronger and more buoyant. Its dura- 
bility is more decided ; and, unlike the oak, it may be 
put m use almost green fix»m the forest, without dan^ 
of wet or dry rot. The oak contains an acid which 
corrodes and destroys iron ; the teak, on the contraiy, 
possesses an essential oil which preserves iron. 

ffliy are -beech and elm good timber for the lower 
ktels of shipSf and the pHes tf bridges ana harbours 7 

Because both, when under water, are ejrtremely 
durable ; though neither stand the effects of the at- 
mosphere. 

ffhy is fir prefercMe to oak for common building ? 
Because it is lighter, far more elastic, more easily 
worked, straighter, and of much greater length. The 
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best that comes in the form of deals, is from Christiaiia 
and Frederickstadt, chiefly on account of the vast su- 
periority of the saw-mills there. 

Why toaa chutnut used in ancient roofs ? 

Because of its lighmess and durabihty. The largest 
roof of the ancient construction is that of Westminster 
Hall, which is of chestnut The support of every piece 
of timber is apparent ; and the only strain which ap- 
pears directly across ihe timber is on the boards and 
rafters between the great trusses ; and it does not ap- 
pear to be in the least decayed, although constructed 
four hundred and fifty years since. 

COALS Ain> OnNPOWD£R. 

Why are eoaU so productive of grand mechamcal 
effects^ 

Because of their great hidden powers, which we 
can at pleasure call into action. Thus, it is well 
known to' modem engineers, that there is virtue in a 
bushel 'of coals, properly consumed, to raise seventy 
millions of ponnos weight a foot high. This actually 
is the average efiect of an engine at this moment work- 
ing in Cornwall. The Menai Bridge, one of the most 
stupendous works of art that has l^en raised by man 
in modem ages, consists of a mass of iron not less than 
four millions of pounds in weight, suspended at a 
medium height of about 120 feet above the sea. The 
consumption of seven bushels of coal would suffice 
to raise it to the place where it hang& 

The great pyramid of Egypt is composed of granite. 
It is 7(X) feet in the side of its base, and 500 in per- 
pendicular height, and stands on eleven acres of ground. 
Its weight is, merefore, 12,760 millions of pounds at a 
medium height of 125 feet ; consequently, it could be 
raised by the effort of about 630 chaldrons of coal, a 
quantily consumed in some foundries in a week, — 
/. F. HerscheL 
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Why is gunpotoder anoihar important source of me- 
chanical power 7 

Because of the tremendous force which it exercises 
in cert<un operations, as blasting rocks, &c. in the 
progress of mechanical works. Thus, in the progress 
of cutting the Delaware Canal, four kegs of gunpow- 
der, containing about 1001b. were, in 1829, usedibr a 
single blast, and had the effect of rending in pieces 
more than 400 cubic yards of rock.* 

Yet it is only when we endeavour to confine gun- 
powder, that we get a full conception of the inunense 
energy of that astonishing agent. In Count Rumford's 
expenments, twenty-eight grains of powder in a small 
cylindrical space tMicS xoas just JiUedj tore asunder a 
piece of iron which would have resisted a strain of 
400,000 pounds, applied at no gi^ater mechanical dis- 
advantage. 

' BALANCES. 

Wty are toe enahled to determine the reUUive weight 
of a iochff compared with the weight of another body^ 
asswneaas a standard^ by means cf ^ oalance ? 

Because the balance consists qi an inflexibk red or 
lever, called the beam, furnished with thr^ axes; 
one, the fulcrum, t)r centre of motion, situated in the 
middle, upon which the beam turns, a6d the other two 
niear the extremities, and at equal distances from the 
middle. These last are called the points of support, 
and serve to sustain the pairs or scales. These points 
and the fulcrum are in the same right line, and the 
centre of gravity of the whole should be a little below 
the fulcrum, when the position of the beam is hori- 
zontal. The arms of the lever being equal, it follows 

* By way of parallel with this effect, thoafh produced by dUferint 
mean8,we may mentioa that in 1885 there was opened ,in Cochin- 
Cliina, a canal twenty-three miles long, eighty feet wide, and twelye 
feet deep. It was begun and finished in six weeks, although carried 
through large forests^ and over extensive marshes. Twenty thousand 
men were at work upon it day and night ; and it is said that seven 
thousand died of flitigue 
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that if equal weigfatB be put into the scales, no efibct 
will be produced on the position of the balance, and 
the beam will remain horizontal. If a small addition 
be made to the weight in one of the scales, the hori- 
Eontality of the beams will be disturbed ; and^ after 
oscillating for some time, it will, on attaining a state 
of rest, form an angle with the horizon, the extent of 
which is a measure of the delicacy or sensibility of the 
balance. 

ffhy ahwdd not the weights of a balance he touched by 
(he hand7 

Because that would not only oxydate the weight, 
(or cause it to rus^) but by raising its temperature, it 
would appear lighter when plac^ in the acale-pan, 
than it should do, in consequence of the ascent of the 
heated air. For the large weights, a wooden fork or 
tongs should be employed ; and for the smaller, a pair 
of lorceps made of copper ; this metal possessing suffi- 
cient elasticity to open the forceps on their being re- 
leased from pressure, and yet not opposing a resistance 
sufficient to interfere with that d^cacy of touch, which 
is desirable in such operations. — Kater. 

Why does one weight alone serve to determine a great 
variety of others, by the steelyard f 

Because the steelyard is a lever, having unequal 
arms, and by sliding the weight along the longer arm 
of the lever, we thus vary its distance from the fid- 
crum» taken in a reverse order ; consequently, when a 
constant weight is used, and an equiUbrium estab« 
tished, by sliding this weight on the longer arm of 
the lever, the relative weight of the substance weighed, 
to the constant weight, will be in the same proportion 
as the distance of me constant weight from the ful- 
crum is to the length of the shorter arm. 

Why is the spring steelyard in very general use ? 
Because of its portabiuty ; as a spring that will as- 
certain weights from one pound to fifty, is contained 
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in a cylinder only 4 inches long, and i inch diameter. 
To use this instrument, the sul^tance to be weighed m 
suspended by a hook, the instrument being held by a 
rin^ passing through the rod at the other end. The 
spnng then suffers a compression, proportionate to the 
weight, and the number of pounds is indicated by the 
division on the rod, which is cut by the top of the 
cylindrical tube. — Kater. 

The dial weighing machine is a modification of the 
same principle, connected with hands on a dial or 
dock-race to denote the weight. 

WATER. 

JVhy do water-wlieds vary in their conairucHon ? 
Because of the different ways in which the mecha- 
lucal force of the liquid is' intended to be appUed. 

Why are certain q^ these wheels called overshot^ 
Because the water by which they are impelled de- 
scends from its level to a lower one ; its weight during 
the descent (falUng, as' it were, ovtr the wheel) caus- 
ing the wheel to turn. That this may be possible, it is 
only necessary that there should be a sufficient supply 
of water at the superior level, and that there should b© 
a means of carrymg it off ailer its descent, so as to 
prevent by its accumulation, the equalisation of the 
two levels. Hence the necessity of flood-gates in a 
mill course. On the circumference of the wheel the 
weight of the water is made to act in itak descent. In a 
direction as nearly as possible at the right anglte to 
the spokes, or radii; this pressure, however, actins 
only at one side of the wheel ; thus making the whed 
revolve, and communicate motion to its axis ; and this 
motion being transmitted by wheel-work, and other 
contrivances, to the machinery which it is required to 
work. 

fVky are oQur wheels called undershot ? 
fiecauae the flat or float boards placed at equal dis- 
tanees on the rim, and projecting fi-om it, in direc- 

PART VII. T 
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tions diverginff from its centre, are intended to receive 
the impulse of the water as it passes under the wheeL 
The wheel is thereby caused to revolve in the direc- 
tion of the stream, with a force depending on the 
quantity and velocity of the water, and the number, 
rorm, and position of the float-boards. 

The breast wheel partakes of the nature of the over- 
shot and undershot wheels ; like the latter, it has float- 
boards ; but, like the former, it is worked more by the 
weight of water than by its impulse. 

Tlie power of water on wheels may be thus illus^ 
trated. If 100 gallons per minute be equal to a cer- 
tain power with one foot of Mi, one gallon per minute 
will perform the same work with 100 feet of fill.* 

Why is the hydrostatic or BramalCs presSy another 
example of the mechanical agency of uaterf 

Because water, in common with all fluids, possesses 
the power of transmitting pressure equally in every 
direction. In this instance, too, it is materially aided 
by the mechanical eflScacy of the lever. 

Pascal demonstrated this principle and its advan- 
tages, by fixing to the upper end or a cask set upright, 
a very long and narrow cylinder. In. filling the bar- 
rel, and anerwards the cylinder, the simple addition 
of a pint or two of water, which the latter was capable 
of containing, produced the same effect as if the cask, 
preserving its diameter throughout, had its height in- 
creased by the whole length of the cylinder. Thu% 
the increase of weight of a pint or two of water, was 
sufficient to burst the bottom of the hogshead, by the 
immense augmentation of pressure it occasioned. Now, 
if we suppose the water removed &ojxk the cyhnder of 
•t> • ' - ' » 

* The mechanical force of rimninff water is tremendous. Dviing 
the great storm and flood in Scotland, in 1839, the river Don forced a 
mass of 400 or 500 tons of stones, many of 900 or 300 pounds wei^t. 
up an inclined plane, rising 6 feet in 8 or 10 yards. A stone of 3 or 4 
tons, was likewise moved out of a deep pool of the river, 100 yards 
from its place. 
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narrow dimenedonB, and replaced by a solid of equiva- 
lent weight, such as a piston, it is evident that the 
pressure must remain everywhere the same. Again, 
if we suppose the weight of the piston to be muItipUed 
by the power of a bver acting on its shaft, the pres* 
sure will be proportionally augmented, so as to pro- 
duce on the bottpm of the cask a pressure equivident 
to an enormous weight, with the exertion of very httle 
primitive force on the piston. — JVotes in Science. 

This property of liquids also enables us with great 
facility to transmit the motion and force of one ma- 
chine to another, in cases where local circumstances 
preclude the possibility of instituting any ordinary 
mechanical connexion between the two machines. 
Thus, merely by means of water-pipes, the force of a 
machine may be transmitted to any distance, and over 
inequalities of ground, or through any other obstruc- 
tions. 

Why %8 (he hydrostatic presto more advantageous than 
thai toorked by a screw f 

Because between solids and fluids there is httle or 
no friction ; and, accordingly, in the hydrostatic press 
no force is lost by friction, except what is necessary to 
overcome the friction of the pistons in the cylinders. 
The loss of power in the screw, by means of friction, 
has already been explained at page 32. 

ANIMAL STRENGTH. 

Jfhy does &ie rate of steam carriages surpass the ut- 
most stretch of animm power ? 

Because the machine by which they are propelled, 
unlike any animal, rolls along unimpeded in any de- 
gree by the speed of its own motion. 

According to some experiments, recienfly made by 
Mr. Bevan, to determine the actual force of draught 
of carriages upon common roads, it appears that nve 
horses will draw with equal ease the same load upon 
a good hard turnpike road, as thirty-three horses can 

f2 
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do upon loose sand. Or^ if we assume the value of 
drauffht, upon a well-formed road in good condition, 
at 60: per ton per mile, the equivalent price of draught 
will be upon hard turf, 7id, ; hard loam 9jidL; ordi- 
nary bye-road, 1*. 7rf.; newly gravelled road, 28, 2rf.; 
loose sandy road, 39. Id, — Pniloa. Mag, 

The power of some doffs is very extraordinary. Nine 
Esquimaux dogs, belonging to Captain Lyon, dragged 
1611 pounds one mile (1760 yards) in nine minutes, 
and worked in this manner for seven or eight hours 
a day. 

Whyis ii so diaadvantageous to propel boats on^caruds 
by nuans of horsesf 

Because the expenditure of animal strength takes 
plaee in a far greater proportion than the increase of 
speed. Thus, if a horse of a certain strength is bu^ly 
able to transport a given load ten miles a day for a 
continuance, two horses of the same strength will be 
•hogeti^er insufficient to transport the same load twenty 
miles a day* To accomplish that a greater number of 
similar hones would be requisite. If a still greater 
speed be attempted, the number of horses necessary to 
accomplish it would be increased in a prodigiously 
npid proportion. This will be evident, ii the extreme 
case be considered,' viz., that there is a limit of speed 
which the horse, under no circumstances, can exceed. 
In an ordinary canal one horse with a boat will be suf- 
ficient for every thirty tons. 

Why ts a man better enabled than a horse io carry a 
ueurhi up a steep kill ? 

SBcause the peculiar djspoation of the limbs of a 
man, renders him well fitted for tins species of labour; 
whereas it is the worst method in which a horse can 
be employed. It has been observed that three men 
climbing a hill, loaded with lOOlbs. each, will ascend 
widi greater speed than» one horse carrying dOOlbs. 

The average value of human strength, considered 
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as a mechanical agent, has been variously estimated. 
Desaguliera considera that a man can raise the weight 
of 5Slbs. ten feet high in a minute, and continue to 
do so . for six hours. Smeaton, however, thinks that 
six good English labourers will be required to raise 
21,141 solid feet of sea- water to the height of four feet 
in four hours. In this case, they will raise very little 
more than six cubic feet of fresh water each, ten feet 
high in a minute. The labourers whom Smeaton 
supposes to execute this work he considers to be equal 
to twice the number of ordinary men. It would, 
therefore, perhaps, be a fair average value of a man's 
work to estimate it, for a continuance, at half a hogs- 
head of water raised through ten feet in a minute. 

The efforts of men differ with the manner in which 
these efforts are employed. It has been shown by 
Mr. R. Buchanan, that the same quantities of hmnan 
labour employed in working a pump, turning a wheel, 
ringing a belj^ and rowing a boat, are as the numbers 
100, 167, 227, and 248. The most advantageous 
manner of applying human strength is in the art of 
rowing. — ^The streugth of an ordinary man walking in 
an horizontal direction, and with ms bodyinclimng 
forward, is, however, only equal to 271b., and it is 
known by experience, that a horse can draw horixarir 
tally as much as seven men. 

Why is the potoer of a steam-engijie expressed in 
horse power 9 

Because this mode was introduced when steam en 
^es first began to supersede horse mills, when the 
manufacturer naturally inquired how many horses a 
steam-engine would dispense with. Hence the ex- 
pression IS more practical than scientific. 

The power of a horse is understood to be that which 

^n^ elevate a weight of 33^000* pounds, the hei^t of 

■ ' ■ ' ' J ■ ' i I I..I ■ II ■- ■■ 

* Aaotber estimate reduces this to only S3,000 pounds, raised one 
foot high in a minute, equivalent to 100 pounds in two miles and a 
balf per honr. 

F 3 
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Gbe foot in a Rimute of time, e^ual to about 90 poundi 
at the rate of four miles an hour. This is a force 
greater than that exerted by a conunon cart horse, 
which is not estimated at more than 70 pounds : that 
is to say, that a horse harnessed to a cart, weighing, 
with its load, forty cwt. or two tons, and drawing on a 
level road at the rate of four miles an hour, makes use 
of the same force, as if his traces, instead of being 
ftstened to a cart, were passed over a pulley, and lift- 
ed perpendicularly a weight of 70 pounds. 

A steam-engine consumes about 20 feet of steam 
per minute for every horse-power. — A/otea in Science. 

RAILWAYS. 

JFhy art raUipays more economical than ordinary 
roadaj 

Because, to drag a loaded waggon up one inccmsid- 
erable hill, costs more force than to send it thirty or 
forty miles along a level railway ; and the conclusion 
follows, that-although the original expense of forming 
the level line might materially exceed that of making 
an ordinary road, still, in situations of great traffic, the 
difference would 6oon be paid by the savings ; and 
when once i^d, the savings would be as profit ever 
BA^r.-^-^rn/oU* 

By way of illustrating the great economy of ma- 
chinery, we may observe, that in Sedjah, (where the 
Arabs obtain fine millstones) " their unskilfulness and 
want of proper implements adapted to their labour, 
with the expense of carriage from the quarry to the 
place , of sale, each stone requiring a single camel, 
(wheel carriages and good roads being entirely un- 
known) occasion an advance above tlie prime cost at 
which they might be hewn in England, of at least 500 
per'cent, each piir of stones costing from ten to tweiT- 
ty pounds sterlmg." — Buckingham's TVavds. 

ff^y has a suspension rdUway been r^esenitd aa 
more advantageous than a ground railroad 7 
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Because the fonaer takes a stndgiitfbi'WBrd point 
frozn one town to another, without regard to liie sur- 
face of die country over which it has to go, whether 
rising or falling, a perfect level being (Hnisdned by 
varying the heights of the pillars or piers which sup- 
port the railway ; while its height above the ground 
allows agriculture and commerce to go on under It 
without interruption. The cost of a suspension rail- 
way has been estimated at £1,400 per mile, which is 
about two-thirds less than the average expense of a 
/ground rqilroad. Models of a suspension railway, and 
.<carriages adapted to it, were recently exhibited in Lon- 
-don, l^ Mr. Maxwell Dick, their inventor. 

Why is wrought iron preferable to cast iron for raH- 
uaysf 

fiecause by wrought iron rails we reduce the num- 
ber of joints ; the difficulty of making the rails perfectly 
even at the joints, has also contributed much towards 
the introduction oJf wrought iron. 

Edge railways were first made of wood, near New- 
castle ; these were next covered with plates of wrought 
iron in the parts most likely to wear. Cast iron Was 
subsequently introduced there and elsewhere; and 
wrought iron is now being very generally substituted 
for the cast. ' 

IVhf has U been proposed to transfer the power qfjixed 
and cheap frst movers to locornotvve carriages, ^'c. tvavd- 
Hng on common twmpikt roads ? 

Because the power of a steam-eogine, moving with 
the locomotive carriage, is very expensive tirhen com- 
pared to an equal power obtained by a large ordinary 
fixed engine, a wind or water mill, or other common 
first mover. Mr. Fordham, the originator of this plan, 
proposes to condense air into cylinders, and then to 
use this condensed air as the motive force. 

ifhy has the appliccttion of steam to land carriagts 
heen so long afavtnmte project loith mechanicians ? 
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Because the transition from the one element to the 
other appears, at first view, to be so simple and easy : 
the same mechanical pocess which turns the paddle 
wheels of a vessel in the water, would seem quite ade- 
quate to impart a similar motion to the wheels of a 
carriage on land. So early as the year 1769, Mr. 
Watt mentions the practicability of applying it to 
domestic improvement, though it does not appear that 
Watt gave motion to a carriage. Symington, who 
claims the original invention of the steam-boat, had 

-previously contrived a similar application for the im- 
pelling of carriages; and actually exliibited, in the 
year 1787, in £(£nburgh, the first qpiodel of a steam- 
carriage that was perhaps ever seen. Hence we may 
conclude that the repeated failures in the plan have 
not been occasioned so much by the want of practical 
skill, as by some radical difficulty which had not been 
sufiiciently adverted to. 

The steepest inclined planes which, as far as we are 
aware, locomotive engines have attempted to surmount, 
are tliose on the BoUon and Leigh railway, in Lan- 
cashire. One of these planes is a mile and a half 
long, and rises one yard in thirty. Up the former of 
these the Sana Pared engine ascended, drawing after 
her her tender carriage with coal and water, two 
waggons loaded with iron, and a carriage with passen- 

, gers, making a eross weight drawn, of about fifteen 
tons ; with which she moved tit the rate of nine miles 
per hour. Up the steepest plane (rising 1 j^ard in 30) 
she drew her tender, and one carriage with passengers, 
the gross weight being about four tons fifteen cwt., 
with which she ascended at a speed of firom nine to 
eleven miles per hour; each of these performances 
being equal to about sixty-five tons drawn on a level. 
-'nJVote to Quarterly Reoieto, 

Why toaa the difficvlty iust adverted to greater in the 
land carriage than in the hoot 7 
Because of the resistance to the progress of th# 
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carriage by the inequaBtieB and other obetruedoha on 
the roadSk It is not h^« as in navigation, where the 
most enormous weights are bnoyed up by the liquid 
element, without increasinff, in &e same degree, the 
renstance to the yesseL Kvery additional load to a 
land carriage creates an additional resistance, arising 
from inertia, friction, and other such impediments, 
exactly in proportion to its weight — Quarterly Review, 

Why dots the progress of locomothe angines on raU- 
roads appear so JitrSonUrJy? ^ 

Because we compare their moving power and resist- 
ance with other moving powers and resistances to 
which our minds have been &miliar. To the povror 
of a steam-engine, in fact, there is no practical limit ; 
the size of the machine and the streng^ of the ma- 
terials excepted. This is compared with agents to 
whose powers nature has not only imposed a limit, 
but a narrow one. The strength of animals, as just 
shown, is circumscribed, and their power of speed 
still more so. . 

Why are railways nsudlly laid doum in double 
Mnesf 

Because carriages, moving in opposite directioBB, 
may pass each other without interfering. In the same 
manner, a third or fourth, or more lines, may be laid 
dovna, if necessary ; and, between them are commu- 
nications, at interval by which any carriage overta- 
king another in the same track, may turn aside to one of 
the adjacent lines, and pass it, vrithout stopping eidier. 

The Chevalier Baader, of Munich, has contrived a 
plan for this purpose, so that no aiding planes nor 
tumins plates are necessary ; and turning can be per- 
formed almost : as quickly and as easify as upon a 
common turnpike road. He has also constructed 
waggons, so that upcm a dead level, the power of one 
horse is sufficient to dravv with ease, and at a good 
pace, a load of from twelve to fourteen tons, when 
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divided amongBt several carriages linked together. 
The Che^ilier also states that he has discovered a 
new principle, by which the power and motion of 
stationary stean^-engines, and other machines, estab- 
lished at considerable distances apart, along the rail- 
roads, and working without interruption, can be im- 
parted to any number of loaded carriages passing 
upon the railway, firom one steam-engine or machine 
to another, without the employment of drag-ropes or 
chains, or, indeed, of any intermediate apparatus; 
and yet with any reasonable degree of velocity. These 
extraordinary statements are made in the IVanklin 
Journal, 1830. 

Why are ihe resistances which occur on a railway 
rather diminished than increased by velocity of motion f 

Because the quicker we move along, there is the 
less time for the retarding force to operate ; by in- 
creasing the rapidity, we escape, in some degree, from 
its influence, and may really be urged forward with a 
smaller amount of force, provided the machinery ba 
adapted to so quick a rate or motion. — Quarterly Remew^ 

Why has a tubular boHer, or one composed of welded 
iron pipes, been adopted by Mr, Gumey, in nis steam 
carriage f 

Because, even from the bursting of such a holler, 
there is not the most distant chance of mischief to the 
passengers. Instead of being, as in ordinary cases, a 
large vessel closed on all sides, with the exception of 
the valves and steam conductors, which a high pres- 
sure or accidental defect may burst, Mr. Gumey'a 
boiler consists of a horse-shoe of pipes, and the space 
between them is the furnace ; the whole being enclo- 
sed with sheet-iron. The only possible accident; would 
therefore be the bursting of one of these pipes, and a 
temporary diminution of the steam power, according 
to the proportion the pipe bears to the whole boiler. 

Why were two steam cylinders introduced instead of 
one, in the early locom>otive engines f 
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Because, by acting at difierent parts of the wheels^ 
they produced a much more regular motion than for- 
merly, and rendered unnecessary a fly-wheel, which 
had hitherto been used. 

ffhy were the eariy engines 90 injurious to the 
raXLway ? 

Because of their enormous weight, amomiting to six 
or eight tons, exclusive of the tender for water and fuel. 
The Kocket, lately constructed by Messrs. Stephenson 
and Co. of Newcastle-upon Tvne, weights only four 
tons five cwt. ; and the Novelty, by Messrs. Braith- 
waite and Ericson, weighed but two tons fifteen cwt. 

Why is a low chimney desirable^ as in the Nbvdty 
engine f 

Because it enables the proprietors of the railway 
to reduce the height of all the bridges under which 
the engines must pass, in crossing any of the public 
as well as private roads. It will cSmit of a deduction 
of seven or eight feet from the height of the mason- 
work in every such bridge. What a saving, then, must 
this produce in the original cost of a railway, through 
a cultivated country, where these bridges must £re- 
quently occur. — Quarterly Review. 

Why is it no longer necessary to lay out raUioays on a 
perfect level f^ 

Because engines have already been made to draw 
carriages up inclined planes rising one yard in thirty, 
and one yard in, seventy-two, at the rate of from nine 
to eleven miles an hour. Hence we are enabled to 
vary the levels, and adapt them to the undulating 
nature of the country through which the line passes. 

Why are steam carriages for the conveyance ofgoods^ 
expected to imjprove the internal intercourse of tJas coun- 
try in a very important degree ? 

Because it is calculated that the carriage of ^oods, 
whicli is now about 9d, or lOd, a ton per mide, by 
land, would thus be reduced to 2d, ; ana, in point of 
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Speed, one day would do the work of four. The 
heaviest commodities, such as com, potatoes, coals^ 
&C. would bear the expense of carriage for a hundred 
miles; the expense of hvingin great towns would be 
reduced, and the price of raw produce would rise in 
remote parts of the country. 

A^[ain, ^ with so great a fecility and cderity of com- 
munication, the provincial towns of an empire would 
become so many suburbs of the metropolis, or rather, 
the effect would be similar to that oi collecting the 
whole inhabitants into one city." — ScaUman Jveu»* 
paper* 

Another great source of revenue and of trade, from 
this improved mode of intercourse, (observes the Q^ar' 
Urly B^toitw) would arise from the convevance of 
those fine goods, parcels of value, and all lignt articles, 
where speed and certainty are required; and which 
are now sent, at great expense, by coaches. In this 
manner the seats of the various finer and lighter 
manufactures would be brought almost into immedi- 
ate contact vrith the great markets for their di^saL 
A merchant in London, on receiving any particular 
order, might send either to Nottingham, to Binning- 
liam, or to Sheflield, or even to Manchester or Leeds^ 
and have the goods in hi^ shop the next or following 
day, at an expense not exceeding Is, 6d, or 2f . 

Lastly, the rapid circulation of intelligence. The 
mails might travel safely at 25 miles an hour, and 
letters be conveyed between London and Edinburgh, 
a distance of 400 miles, in 18 hours ; so that an event 
happening in London, would be knovni in Edinburgh 
the same day. 

^ As an example of the difficuMes of internal naviga- 
tion, before the introduction of steam fbrthat puipoae, 
it may be mentioned that, on the great river Mississip- 
^ which fiows at the rate of five or six miles an hour, 
It was the practice of the boatmen, who brought 
down the produce of the mterior to New Orleans, to 



break ap their boon, seD the tunber, uid afterwarda 
return hi»ne slowly by land ; and a voyage up the river 
. from New Orleans to Pitteburgh, a istance of about 
two theuiand miles, could hanily be trccotnjJished, 
with the moat laborious ellbrts, within a period of four 
months. This voyage is now made by steam-boats, 
with ease, in 15 or 20 days ; and at the TsU of not lm» 
than five miles an hour. 

plovghi and othi r <i2-i-iniH>tral impler, 

Because, ind- {>i uli'iitly of'ilip wivins of horeefl and 
their food, the llininr wmikl iirvcr Iip iihliged to woit 
his soil, but when it was in a proper condition for that 
purpose. Mr. Loudon thinks that to apply steam sue- 
ceamiUy to agriculture, the en^neer ought not to seek 
for a new implement, but simply for a convenient locp- 
tnotive power tor propelling the implements ah^ady in 
uae, modified no as to suit the new impelling power. 

ffkif are Ike locomothe enfinu »n adtaniagttytu /or 
fht etmtei/aiKe of paase-ngersi 

Because they admit a rate of spteed that would be eo 
tirely inconmstent with safety, even although it were 

Erecticable to attain it with animal power. It would 
e still imprudent, however, to adopt the utmost rate 
of thirty miles, because such an unusual rate of velo- 
dly, surpassing that of the swiftest faoreo, would be 
alarming, if it were not dangerous. At the rate of 
twenty miles an hour, "however, it might be perfectly 
practicable to travel with the utmost safety and com- 
fort. The economy of the plan may be iUustrated as 
follows: — Between LiverpoolandMattchener, Wo may 
Bofely estimate the number of passengers every day at 
400 each way, end the average fare to be about seven 
(riiillingB each ; the daily expenditure will amount, in 
tbia mumef, to rimut 3801. By tha uee of Meam- 
coaebet, the Atm will be r«dus«l to two-ihilUDga 
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and sixpence, and would thus amount only to 1002. 
per day, making a daily saving of 1802., or upwards of 
60,006l per annum. 

The ezpease of the Liverpool and Manchester Rail- 
wav, is now estimated at upwards of 20,0002. for each 
mile ; the whole cost amounting to 820,000/. 

The rails used on the Liverpool and M^mchester road 
are made of forged iron, in lengths of fivevards each, 
and weigh thirty-five pounds per yard. Efvery three 
feet the rails rest on blocks of stone, let into the ground, 
containing each nearly four cubic feet. Into each 
block, two holes, six inches deep, and one inch in dia- 
meter, are drilled; into these are driven oak pluss^ 
and the cast-iron chains or pedestals, into which the 
rails are immediately fitted, are firmly spiked down to 
the plugs, forming a structure of great solidity and 
stren^. The double lines of rails for the carriages, 
are laid down with mathematical correctness, and con- 
nst of four equi-distant rails, four feet eight inches 
apart, about two inches in breadth, and rising about 
an inch above the surface. In the formation of the 
railway, there have been dug out of the different ex- 
cavations, upwards of three millions of cubic yards of 
stone, clay, and soiL 

THE STEAM-ENGINE.. 

Why 18 htal 80 impmiant in the production of mechan- 
ical agent8 ? 

Because bodies, whether liquid, solid, or seriform, 
exert a certain degree of mechanical force, in the pro- 
cess of enlarging their dimensions, on receiving an 
accession of heat ; and any obstacle which opposes this 
elilar^ment, sustains an eqi^valent pressure. This 
force is firequently used as a mechanical agent, and has 
this to recommend it, that it may be pn^uced to al- 
most any degree of intensity, vnthout the expendituxv 
of any other mechanical force in its production. 
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It is not requisite to enter theoretically into the pro- 
duction of heat, since the subject has already been 
popularly illustrated in the present work.* 

Why %8 tfu steam-engine much more inteUig^le than 
its name first suggests ? 

Because it is m fact only a pump, in which the fluid 
is made to impel the piston, instead of being impelled 
by it, that is to say, in which the fluid acts as the 
power, instead of being the resistance. It may be de- 
scribed simply as a strong barrel or cylinder, with a 
closely filled piston in it, which is driven up and down 
by steam, admitted alternate^ above and below from a 
suitable boiler ; while the end of the piston-rod, at 
which the whole force may be considered as concen- 
trated, is connected in any convenient wa^ with the 
work that is to be performed. The power of the engine 
is of course proportioned to the size or area of the pis- 
ton, on which the steam acts with a force, according to 
the density, of from 15 to 100 or more pounds to each 
square inch. In some of the Cornish mines, there are 
cylinders and pistons of more than 90 inches in dia- 
meter, on which the pressure of the steam equals the 
eflforts of 600 horses.— ^^motf. 

The steam-engines in England repref»nt the power 
of 920,000 horses, equal to 1,920,000 men, and neing, 
in §Buctj managed by only 36,000 men, add conse- 
quently to the power of our population, 1,884,000 men. 

The cost of a steam-engine varies according to its 
power. Tlie smaller cost nearly 100^., for each horse 
power, the largest not quite 400/. The consumption 
of coal is rated at one bushel, or 84 pounds per hour, 
for an engine of ten-horse power ; the quantity is some- 
what less in pr<^>ortion in engines of great power. 

ffhy is there a large vibraHng beam in the steam-en- 
gine7 ^ 

Because, one end being connected with the piston- 

* — - 'i I I - - - — — — — — » 

* See Fan V., Chbvistky.— feat, p. 31 to 35, 
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rod, is pulled down, while the power of the eng^ie is 
applied at tlie other end to any mechanical puipose. 
Thus, when connected with immense water-pumps, it 
causes almost a river of water to gush out from Ihe 
bowels of tlie earth. 

Why art the improved paddU-uheelt of sUaan-boaU 
made to enter the water tideways ? 

Because they give the propelling stroke direct, 
whereas the ordinary wheels press the broad face of 
their paddles on the surface of the water, and thus 
increase the rerastance. 

Why art steam-engines of such in^^ortant ust in 
mimngf 

Because they speedily raise the water which breaks 
in on the miners. 

The practical adaptation of the steam-engine to me- 
chanical purposes, is considered by Mr. Davies Gilbert 
as due to Mr. Newcomen, whose inquiries were ior 
troduced into Cornwall very early in tibe last century, 
and soon superseded the rude machinery which had, 
till then, been employed for raising water from naines, 
by the labour of men and horses. 

The various applications of steam-power would oc- 
cupy many pa^s: if we except its adaptation to the 
motion of carriages, perhaps few of its effects are more 
astounding than in the manufacture of iron. Tlius^ 
there are netories where this reastless power- is seen, 
with its mechanic claws, seizing ndaases of iron, and 
in a few minutes delivering them out again pressed 
into thin sheets, or cut into bars and ribands, as if the 
iron had become soft, hke clay in the hands of the 
potter. 

The annual product of the foundries of Messrs. 
Crawsbay and Co. in Glamorganshire, is 11,000 tons 
weight of pig-iron, and 12,0(X)*tons of iron in bais. 
A steam-enjsine of the power of 50 horses, and a wster- 
wheel of 50 feet diamet^, work the cylindrical blow- 
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ing-machined, which are indispenBably necessary in 
the use of coke, and the other machinery of the works. 
This enormous water-wheel is kept in motion by the 
pressure of 25 tons of water per minute. The es- 
tabUshment employs from 1,500 to 2,000 woifanen, 
forming, with their families, a population of 4,000 per- 
sons. The sum total of their wages amounts annually 
to from 70,000f. to 80,000^. 

Such has been the progressive improvement in the 
steam-engine, that in 1829, the best engine in Corn- 
wall did ten times the work of any engine in 1778 ; or 
each bushel of coals raised 20,000 gallons of water. 

M. Dupin estimates the steam-en^nes of France 
equivalent to the power of 480,000 workmen turning 
a winch ; and it is calculated by the same writer, that 
Great Britain possesses, in steam-engines alone, a 
moving power equivalent to that of 6,400,000 men 
employed at the windlass. 

Why do high pressure differ Jrom low pressure en- 
gines ? 

Because, in high pressure engines the steam is not 
condensed ; but afler having acted on the piston, is 
allowed to blow off into the air; whereas, in low 
pressure engines it passes into a separate vessel, where 
it is condensed ; on which account, and for other rea- 
sons, low pressure engines do not suit a rail-road. 
Hiffh pressure engines occupy less room, require less 
fuel than low pressure en^es, and their power can 
be increased on emergencies, by merely increasing the 
fire ; but the risk of damage frongi explosion is con- 
siderable. Their principal purpose is to save water, 
but this is always abu^idant in navigation. 

The principle of high pressure steam-engines de- 
pends on die power of steam to expand itself^ 5, 10, 20, 
30, 40, &c. times beyond its original bulk, bv the 
addition of a given portion of heat, which is effected 
by increasing the pressure. 

b3 
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UAder mean preasuiey at the temperature of 
212^. (the boiling point) the bulk of steam is 1,800 
times that of water ; or, as a ready rule for calcula- 
tion, a cubic inch of water produces about a cubic 
foot of steam. The latent heat of steam is about 960^. 

Jfhf it BrwonU Pneumatic Engine a ipedes of steam' 
miginef 

Because its principle is a very sudden expansion 
and condensation, not of the gases used in the opera- 
tion, but of the small quantity of water formed bv the 
combustion of the hydrogen, with the oxygen of the 
atmospheric air, admitted into the cylinder at every 
stroke of the engine. The difference between this and 
a steam engine is, that the elastic and condensable 
fluid is generated at a higher temperatyre from mate- 
rials admitted into the cylinder itself. The extent of 
|he vacuum produced niust depend on the tempera- 
ture at which the combustion takes place.— w^btM in 
Science, 

Why is ike explosive engine so called 7 

Because it is set in motion by the explosion of oil 
gas and atmospheric air, the mechanical force of the 
ejqplosion being employed to drive the machineiy. 
Percussion powder, and other substances that explodfe 
by contact, may eventually be employed for the same 
purpose. 

EECSIIT INVEMTIOirS AND UfPROVSMSNTB. 

Why is (fte pn/nHr^-press inoented by Lord SUmhope 
so siiperior'to the too^kn press, or ^uxt prtgioudyin use f 

Because the Stanhope p)«8B is composed entirely of 
iron ; the table on which the tjrpee rest, and the plat- 
ten (or surface which gives the impresnon) are made 
jperfectly level ; a beautiful combination of levers is 
added, to give motion to the screw,jeau«og the {dotten 
to descena with increasing rapidity, and oonsequantljr 
urith increanng force, till it reachea the type, scheii « 
yery great power is obtained. There hwre been, per- 
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hapSy twenty contrivances for obtaining the same effect ; 
but, as a jortsa^ Lord Stanhope's invention has not been 
surpassea. Still, it is only a press, and in point of 
expedition has Httle superiority over its wooden rival, 
producing 250 impressions per hour. 

It is a remarkable fact, that from the invention of 
printing to the year 1798, a period of nearly three 
hundred years, no improvement had been introduced 
into this important art.* 

A mere outline of the improvements from this period 
would occupy many pages. The great triumph in the 
art has, however, been the substitution of cylindrical 
machinery for the screw-press. The svggestion of this 
improvement belongs to Mr. W. Nicholson, but the two 
first working machines were erected by Mr. Koeniff^ 
for printing the THmes newspaper, the reader of whicn 
was told, on Nov. ^, 1814, ttjiat he held in his hand 
a newspaper printed by machinery, and by the power 
of steam f 

In these machines the t3rpe was made to pass under 
the cylinder, on which was wrapped the sheet of paper, 
the paper being firmly held to the cylinder by means 
of tapes ; the ink was placed in a cylindrical box, from 
which it was forced by means of a powerfiil screw de- 
pressing a tightly-fitted piston ; thence it fell between 
two iron roUers ; below these were placed a number of 
other rollers, two of which had, in addition to their 
rotatory motion, an end motion, t. e. a motion in the 
direction of their length ; the whole system of rollers 
terminated in two, which applied the ink to the types. 
In order to obtain a great number of impressions from 

* Mr. Buckingham saw in a convent on tbe mountains of I^banqn, 
a printing-wess and Syrisu: types, fh>m wliicli the monks produeo thSv 
church-bo»s, quite eawfl to those at Rome. Themess aewly rtftom- 
bted fai shape the common printing-piiess used m En^aaid. -It is 
there coasioered a; mystery, as " tliey had never yet had aJD Barojpean 
here, who had ever seen the mechanical opefation of printing in En- 
rope.'* Other monks in the same eonvettt wai« employiid ii^weav- 
ing, masoniy, carpentry, &e. 
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tlie same fbim, a paper cylinder (i. e. the cylinder on 
which the paper is wrapped] was placed on each side 
the inking apparatus, the form passing under both. 
This machine produced 1,1 GO impressions per hour; 
mibsequent improvements raised them to 1,800 per hour. 

The next machine, also by Mr. Koenig, was for 
printing both sides of the sheet, by conveying the sheet 
from one paper cylinder to the other. This was made 
in 1815, and printed 750 sheets on both sides per hour. 
In the same year Mr. Cowper obtained a patent for 
curving stereotype plates, for fixing them on a cylin- 
der, oeyeral or these machines, capable of printing 
1,000 sheets per hour on both sides, are at work at the 
present day ; and twelve machines on this principle 
were made for the Bank of England, a short time pre- 
vious to the recent issue of gold. These machines, 
though only adapted for stereotype printing, first show- 
ed the best method of fumisliing, distributing, and ap- 
plying the ink by rollers. 

Meaars. Applegath and Cowper have, however, by 
their conjoint ingenuity, superseded Mr. Koenig's in- 
ventioBS, and constructed upwards of 60 machines, mo- 
dified in twenty-five different ways, for printing books, 
bank-notes, newspapers, &c.: their greatest success 
has been in printing newspapers. In the JKmes 
machine, which was planned by Mr. Applegath, the 
form panes under four printing cylinders, \^ch are 
fed with sheets of paper by four lads, and after the 
sheets are printed, they pass into the hands of four 
other lads ; by this contrivance 4,000 sheets per hour 
areprinted on one side. 

Tne comparative produce of the above machuies is 
8 follows : — 

(SiNilioM praM - - . stso j]ii|ireMioii8 per hour. 

KMsir' naehina - - 1,800 1. c 900 on both sidM 

Cowpar*t (ftareotype) - - SS,400i. e. 1,900 ditto. 
Appl«fith and Cowp^r*8 (book) S,000 i. e. 1,000 ditto. 

INlto(B6Wsp«per)Chi»nicle - 9,000 

^ Herald - 8,400 

Timet - 4,000 — 66 per minute. 
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We have principally abridged these &cts and data 
fitMn a valuable paper communicated by Mr, Cowper, 
one of the inventors, to the Royal Institution, and sub- 
sequently to the Q;uarterly Journal of Science, in the 
year 1828. 

The machine for printing the ^Mas newspaper, (each 
copy of which, in some cases, has contained 40 feet of 
printed superficies) consists of two larger and two lesser 
cylinders, put in motion by a steam-engine of 4-horBe 
power, managed by three boys, whose only task is to 
present the end of the enormous blank sheet to the 
first cylinder, and to receive it, in a few seconds, printed 
on both sides, as it is discharged by the last cylinder. 

Why wiU some macMnes produce paper of indefimU 
length^ 

Because in them the pulp is delivered fi*om the 
trough to an endless web of wire, passing over cylin- 
ders, which are turned by steam, or any other prime 
mover. From the wire web it passes between two roll- 
ers to an endless web of felt, which passes over other 
cylinders, and between two other heavy rollers, fi)r the 
expression of the water ; the paper is thence wound 
upon a reel, and when a sufficient quantity is received 
on ity the paper is cut off^ and removed to the drying* 
house. At White Hall Mill, in Derbyshire, a sheet of 
paper was lately manufactured which measured 13,800 
feet in length, 4 feet in width, and would cover an acre 
and a half of ground. 

Why does beating hooks with a hammer cause the 
priniing to " set of^ on the opposite page ? 

Because the blows suddenly comtM-ess the air be- 
tween the leaves^ and create heat which disturbs die 
ink. 

Why has pressing been advantageotuly syhstituted for 
this beating f 

Because it renders the books extremely compact 
ai^d solid, by passing the sheets, when folded, between 
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a pair of powerful rollers, by which much time is saved, 
the paper is made smoother, and the compression, 
though mater, does not disturb the ink. A rolled 
book wiu thus be reduced to about five-sixths of the 
thickness of the same book, if beaten : a shelf^ there- 
fore, that will hold fifty books beaten m the usual 
manner, will hold nearly sixty of such, if rolled. — 
Tram. Soe,ArU. 

Why are knives diwrpened hy beine drawn between two 
horizanial rollers^ at in ** ike paienlKntfe-tharpener $^ 

Because the rollers revolve freely upon tueir axis ; 
and at uniform distances are fixed narrow cylinders, 
or rinsB of stoel, the edges of which are finely cut 
with file teeth, forming thereby circular files ; the edges 
of these files overlap or intersect each other a little, so 
that when a knife is drawn between them, it operates 
<m both sides of the edge at once ; and as the rollers 
turn round at the slightest impulse, the peripheries of 
the circular files get uniformly worn, and consequently 
will last a long time, 

fFhy does the transjfortnt dial of SL GUes^s churchy 
jCofubfiy light ttsdf wUh gtu a» soon a» the swi sets at 
nighty and put out the li^ token the sun rises in the 
uwrningf 

Because a wheel is connected with the dock, which 
makes but one revolution in twenty-four hours; and 
on this is placed a series of pins, which, by their revo- 
lution with the wheel, tend to raise a lever connected, 
bodi with a gas-cock and a movable screen. The 
gas which illuminates the dial is burning at all times, 
but the consumption during the day is comparatively 
small, as the lever opemB and shuts the aperture by the 
motion of the large wheel ; so that a person in the im- 
mediate neighbourhood of the clock would see little 
more than a faint indication of flame during the day 
light ; but at evening tlie lever opens the aperture to 
its full size, and lets forth a brilliant flame. The 
movable screen completely cuts off any portion of light 
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which might otherwise pan from the partially cloaed 

burner. — Mr. C. F. Parlaiglon,m Oie .Wat ^twtpf^itr. 

Whfan the facet of manif nea pubUc doekt tnatU ef 

Because su>n« bein); an absorbent, and not ao good 
f. coDiiuctor of beat aa metal, the paint adheres better 
and lasts longer, and doea not require to be renewed 
so often as on tbe copper dial. Another advanlagv t£ 
the stone dial ia, that the centre can be sunk, and tbe 
hour band made to ttarerae in the nnking. Tbia en- 
ables the minute-hand to be cloee to the figures, and 
tlien almoet all error &om the efect of parallax is 
avoided, which in the copper dial ia very conaiderahle : 
esfiecielly when the minute-hand points at or near 15 
and 45 minutee, end the hands are both above the 
dial. In the stone dials of Chelsea new church, and 
the Royal Mows, Pimlico, ibe figurea are cut in the 
stone, and sunk about the eighth of an inch, after the 
manner of the Egyptian monuments, from which WWB 
derived the idea. By this mPthod.Rinpoangthe dU 
accurately divided, andlfae figures well shaped in the 
first Instance, they will always remain so. — Mtf. Mag. 

The oripnator of thisimprovementSMr. Vulliamy, 
the eminent horologist. 

tfhy u Ae Di^ranta to saUed i 

Because of its ori^ from tbe Greek, agni^dng two 
views, of which this exhibition cooaistB. Theae pio- 
tures are painted in solid, and in tranqmrency, anan- 
ged and lighted in a peculiar manner, so as to ezhiUt 
changes of light and shade, and a variety of ttatuivl 
phenomena. The means by which these chahgee an 
effected, may be explained as fbliows : — Tbe contri- 
vance is partly optical, partly mechanical ; and con- 
uata in placing, the pictures within a building so con* 
Btructed, that the saloon containing tbe inpeclatorsiiMy 
revolve at intervals, for ths purpope of bringing in 
succestrion two distinct picmres into the field of new, 
without the necesraty of^ the spectators removing bom 
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their seals ; whije the qce&eiy itself remains stationary, 
and the pictures therefore admit of an improved meth- 
od of disitributing light, by T^hich they are illuminated, 
so as to produce the effects of a variable picture. 
This IS pmcmned by means of a number of trans- 
parent and ijiovable blinds, some of which are plaeed 
behind the picture for the purpose of intercepting 
and changing the colour of the rays of lights which 
are permitted to pass through the semi-traaqparent 
parts of the picture. Similar blinds are also situated 
above and in iiront of the pictures, so alB to be mova- 
ble by the aid of cords, and by that means to distribute 
or direct the rays of light wMch are permitted to ftU 
upon the front of the scene. ' < 

The extent of revolving motion given to the saloon, 
is an arc of about 73^ ; and during the time that the 
audience is thus passing round, no person iapermitted 
to go in or out The revQlution of the saloon is-efiec- 
led by means df % sector, or portion of a wheel, having 
teeth fbimed upon its edge ; these work in a series 6f 
wheels and pinions; so that one man placed at a winch 
ia enabled to adve jnotion to the whole. 

The space Ht ween the saloon and each of the two 
pictures is occupied on either sidel)y a partition, fom>- 
ing a kind of avenue, proportioned in width to the 
size of the picture ; without such a precaution, the 
%ye of the spectator being thirty or forty feet distant 
from the canvass, would, by any thing intervening, be 
estranged from the object. The views are eighty-aiz 
ftet in kngth and forty-tive feet m height — Mas. 
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ARTS AND MANUFACTURES. 



INTRODUCTORT. 

Why have commerce and the arts an tndired vifiitr 
ence upon mdtuiriff 

Becnuse it sigDifies nothing as to the main purposes 
of trade, how superfluous the articles which it fumisbes 
are ;-^whether the want of them be real or imaginary : 
— whether it be funded in nature or in opinion, in 
&shion, habit, or emulation ; — ^it is enough that they 
be actually desired and sought ailer. Flourishing 
cities are raised and sup|K>rtea by trading in tobacco ; 
populous towns subsist by the mauu&ctory of ribands. 
A watch may be a yei^ unnecessary appendage to the 
dress of a peasant, yet if the peasant will till the ground 
in order to obtain the watch, the true design of trade 
is answered ; and the watchmaker, while he polishes 
the cas^, or files the wheel of his machine, is con- 
tributing to the production of com as e£^tually, 
though not so directly, as if he handled the apade or 
held the plouffh. ToImbicco is an acknowledged super- 
fluity, and anords a remarkable instance of uie caprice 
of human appetite ; yet, if the fisherman will ply his 
net, or die mariner fetch rice from other countries, in 
order to procure to himsiBAf this indulgence, the market 
is supplied with two important articles of provision, 
by the inGftrumentality of a merchandise which has no 
other apparent use' than the gratification of « vitiated 
palate.* — Paley, 

* We should here remark however, that where false refiQement, 
or a corrupted taste, engages that time and ingenuity of the laborer or 
the artist, which might otherwise have produced articles that eon> 
tribute to rational enjoyment, it is an evident viiMip^ieatioH of indiUH 

b2 
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ffhy does commerce at (he same time supply an end- 
less variety of new productions, and multiply and cheap- 
en (hose vuU are peculiar to every cmtrdryf 

Beeaiise it enol^les each separate people to employ 
themselves in preference in those departments in which 
they enjoy some natural or acquired advantage, while 
it opens the markets of the world to their productions. 
When the demand for a commodity is confined to a 
particular country, as soon^asit is supplied, improve- 
ment is at a stand. The subdivision and combination 
of enq^yments are, in fiict, always dependent upon, 
aad regulated by, the extent of the market. Dr. Smith 
has shown, that by making a proper distribution of 
labour among ten workmen, in a pin manufactory, 
48,000 pins imght be produced in a day; and since 
his time the number has been nearly doubled. 

Before pins were manufactured in England, £60,000 
annually is said to have been paid for them to for- 
eigners in the early years of Queen Elizabeth ; but, 
long before the end of her reign, they were manufac- 
tured in this country in great quantities. 

The subdivision of the mechanism of a watch into 
150 branches has already been cursorily mentioned.* 
The fifteen principal branches are : 1. The movement 
maker, who divides it into various branches ; viz. pillar- 
maker, stop stud-maker, frame-mounter, screw-maker, 
cock and potence-maker, verge-maker, pinion-maker, 
balance-wheel-maker, wheel-cutter, fusee-maker, and 
other small branches. 2. Dial^mdcer; who employs 
a copper-^maker, an enameller, painter, &c. 3. Case- 
maker; who makes the case to the finme, employs 
box-maker, outside case-maker, and joint-finishers. 
4. Pendant-maker; (both case and pendant are sent 
to the Goldsmiths' Hall to be marked.) 5. Secret- 
npringer and spring-liner; the spring and liner are 
cuvided into other oranches; viz. the spring-maker, 

* See DoHBSTio Scibrob page 71. 
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button-maker, &c. 6. Cap-maker, who employs 
the springer, &c. 7. Jeweller, which compriaes the 
diamond-cutting, setting, making ruby-holes, &c. 
8. Motion-maker, and other branches, viz. slide-maker, 
edge-maker, and bolt-maker. 9. Spring-maker, (i. e. 
vnain-spring) consisting of wire-drawer, &c. ham- 
merer, polisher, and temperer. 10. Chain-maker; 
this comprises several branches, wire-drawer, link- 
maker and rivetter, hook-maker, &c. 11. Engraver ; 
who also employs a piercer and name-cutter. 12. Fi- 
nisher, who employs a wheel and fusee-cutter, and 
other workers in smaller branches. 13. Gilder is di- 
vided into two, viz. ^Ider and brusher. 14. Glass 
and hands; the glass employs two, viz. blower and 
maker : hand-maker employs die-sinker, finisher, &c. 
15. Fitter-in, who overlooks the whole, fits hands on, 
&c. The above fifteen branches are subdivided again 
and again. 

The manufacture of watch-springs also affords an 
instance of an article raised in price fix>m one hal^ 
penny to the amount of 35,000 ffuineas. Thus, a 
pound of crude iron costs one halfpenny ; it is con" 
verted into steel, that steel into watch-springs, every 
one of which is sold for half-a-ffuinea, and weighs 
'Only one-tenth of a grain. After deducting for waste, 
there are, in a pound weight, 7,000 grains ; it there- 
fore affords steel fbr 70,000 watch-springs, the value of 
which, at half-a-guinea each, is 35,000 guineas. 

Why may ovr coUon numufadurt he conMered en- 
tirely ihe result of eommerctf 

liecause, had cotton-wool been a native production, 
we could never have made such astonishing advances 
In the manufacture had we been denied access to 
^r^^ markets. Notwithstanding the splendid dis- 
coveries in the machinery, and the perfection to which 
every department of the trade has been brought, the 
vast extent of the market has prevented its being 
glutted ; and has stimulated our manufacturers in-tbeur 

« S 
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improveipents. Our cotton-mills have been construct- 
ed, not that they might supply the limited demand of 
Great Britain, but that they might supply the demand 
of the whole world. The subdivision of labour, and 
the scope given to the employment of machinery, by 
the unlimited extent of the market, has reduced the 
price of cottons to less, probably, than a fourth part of 
what it would have been, had they met with no outlet 
in foreign countries.* The hardware, woollen, leather, 
and, other manufactures, exhibit similar results^ 

ffhy i$ steam said to add to the power of our popu- 
laOonJ 

Because the steam-engines in England represent 
the power of 320,000 horses, equa] to 1,920,000 men ; 
and being in fact managed by only 36,000 men, they 
consequently add to the power of our population 
1,884,000 men. 

Steam navigation, a powerful aid to our commercial 
prosperity, has been thus eloquently illustrated by one 
of the most accompUshed orators of our times. Steam- 
boats — *^ these new and wonderful machines walk the 
water, like a giant rejoicing in his course ; stemming 
alike the tempest and^^the tide; accelerating inter- 
course; shortening distances; creating, as it were, 
un^pected neighbourhoods, and new combinations of 
social and commercial relations; and giving to the 
fickleness of winds and the faithlessness of waves, the 
certainty and steadiness of a highway upon the land.'* 
■-T'Canmn^^s Speeches at lAverpooL 

According to M. Dupin, the human force of Great 
Britain employed in commerce and manufactures, is 

* The price of calico 55 years since has been found thus registered 
. in a bible, in the possession of a family near Blackburn :— " 15 Sep- 
tember^ 1776. Thomas Dixbury, of Rishton, near Blackburn, sold to 
Mbssrti Peels, Yates, and Co. Church Bank, two common fine- calico 
pieces for 51. 9s. 8(2. These were the first calico pieces ever manu&o- 
tured in this kingdom." Pieces nf the same description are now so" 
ft»r5». Qd. or 6«. each.— Jtf<cA«mc« JtaguuM. 
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equivalent to 4,1264,000,893 efTective men; to this 
power there must also be added the power of 250,000 
animals, employed in divers works of mdustry. These 
will raise the animate force of England and Scotland 
to 6,014,893 ; to which tliere must be superadded the 
approximating value of 1,260,604 effective men for 
Ireland: so that the commercial and manufacturing 
animate power of the United Kingdom must be com- 
puted at 7,275,497 labouring men. To this must be 
added the force supplied by water, wind, and steam : 
thus : — 

Men potoer. 
Animate Foree « - - . . 7,275,497 
Mills and Hydraulic Engines - 1,300,000 

Windmills 240,000 

Wind and Navigation ... - 12,000,000 
Steam Engines ..... 6,400,000 

Total Force .... 27,115,497 
Ireland- - - - - 1,003,667 

Total ... - 98,118,164 



In comparison with France, M. Dupin estimates 
these natnbers as follows: — The total of the inani- 
mate forc& applied to the arts, of all descriptions, in 
France, scarcely exceeds the fourth of the same power 
applied to the same purposes in Great Britain; and 
the whole animate and inanimate power of Great 
Britain, applied to manu&ctures and commerce, is 
nearly tri^e the amount of that so apf^ed in France. 

fFhv is foreign trade so hen^ciid to edch party en- ' 
gaged in Uf 

Because each enjoys the peculiar advantages of the 
respective countries, ifhus, when we send cloth oF 
hardware to Portugal for wine, or to Brazil for sugar,. 
.we give what is as valuable as that which we receive ; 
and yet both parties gain largely by the transaction ; 
ibr we get the wine and sugar for whfit it took to 
produce them in countries that are peculiarly fitted 
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fbr their growth ; and the foreignere are supplied with 
cloth ana hardware for what tiiose productions cost in 
a couutiy where manufacturing industry has been car- 
ried to tne highest pitch of improvement. 

M. Say, in his jScanonde Polvlique PrcHque^ thus 
forcibly illustrates the effects of prohibition in trade. 
During the reign of Napoleon, vessels were despatched 
from London, freighted with sugar, coffee, tobacco, 
cotton-twist, for Salonica, (Macedonia) whence these 
articles of merchandise were carried by beasts of bur- 
den, by the way of Servia and Hungary, to Germany 
and France; so that an article consumed at Calais, 
would come from England, only twenty miles distant, 
by a route which, in point of expense, would be equi- 
valent to a voyage twice round the globe. 

Again, the historv of our own times affords many 
strikmg instances of the prohibitory effects of war upon 
national industry. In France, the ravag^es made by 
the wars of the revolution and of the empire upon her 
population and wealth, have been estimated, according 
to M. Dupin, at two nullions of men, and 600 nailhokia 
of Englisn money. Every succeedins year of peace, 
from 1815 to 1890, has, however, healed these severe 
wounds ; private losses have been indemnified ; houses 
and factories have been rebuilt; the cattle and live 
stodL beeome mere numerous than before the war, and 
the population increased, in thhteen years, by two 
millions uid a half of inhabitants. As an example of 
the beneficial efifects upon manufiicturinj^ industry ; it 
is only since the reestablishment of then* intercourse 
with England, that the French have begun to use pit« 
coal in their fUmaces, and to substitute ue instruBaent 
called a flattener, or tonuioir, for the hammer, in 
beating iron into plates. 

Wkf art certain naiural advanUuns in a country pre- 
judicud to iit fnrogresM in (he arts 7 

BeoBuse, provided the mildnefli of the climate ten 
den clothing and lodging of little importance, and tl»« 
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earth spontaneously pours forth an abundant supply 
of fruits, the inhabitants are immersed in sloth, and 
seem to place their highest enjoyment in being free 
from occupation. Sir William Temple, Mr. Hume, 
and some other sagacious inquirers into the progress 
of society, have been struck with this circumstance, 
and have justly remarked that those nations that have 
laboured under the greatest natural disadvantages, 
have made the most rapid advances in industry. A 
striking illustration of the above fact follows. 

fVhif has Vie improvement of the natives of South 
America been so tardy ? 

Because of the extraordinary abundance of animal 
food, and the equal fertility of the country, where the 
finest fruits grow spontaneously, and only require to 
be gathered. Thus, the South Americans are neither 
a pastoral nor an agricultural people ; and, surrounded 
by partial civilisation, they remain without any ex- 
citement to labour, which alone <5ould improve their 
moral and physical condition. Humboldt has thus 
beautifully described the state of primitive rudeness 
in which many of the tribes of Soutn America remain : 
" When we attentively examine this wild part of Ame- 
rica, we appear to be carried back to the first ages, 
when the earth was peopled step by step ; we seem to 
assist at the birth of human societies. In the Old 
World we behold the pastoral life prepare a people of 
huntsmen for the agricultural life. In the New World 
we look in vain for these progressive developements of 
civilisation — these moments of repose — ^these resting- 
places in the life of a people. The luxury of vege- 
tation embarrasses the Indian in the chase. As me 
rivers are like arms of the sea, the depth of the water, 
for many months, prevents their fishing. Those species 
of nuninating animals, which constitute the riches of 
the people of the Old World, are wanting in the New. 
The bison and the musk-ox have not yet been reduced 
to the domestic state ; the enormous multiplication of 
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fhe lama and the gaanaco hare not produced in the 
natives habits of pastoral life." 

Why Juu (he coin of a kingdom been compeared to the 
highways through Uf 

Because neimer of them produce any thing ; on the 
contrary, they are both to be kept in repair at a certain ] 
expense; but they greatly facilitate the conveyance 
from one place to another, of whatever the land pro- 
duces by agriculture, or what active capital produces 
by manufactures and commerce. Such is the idea of 
Dr. Adam Smith, who also compares paper-money to 
a wagon-way through the air. 

Why are we indebted to the tgnoranee and bad govern- 
ment of our ancestors for ovr present competrative faci- 
lity of procuring subsistence f 

Because, had it been otherwise, the population lliat 
would have accumulated since the reisn of William 
the Conqueror, must have overflowed, like the swarm* 
ing of the northern hives during the &11 of the Roman 
empire. An entertaining writer says : ** If all the Turks 
and Egyptians that are to die next year of the plague^ 
were to be devoured during the present by crocod&es, 
a certain quantity of ^d would be gained, and things 
go on just as before. The Roman empire, and the 
world generally, would have been equally populous 
and pi'osperous, if the Huns and Ostrogoths bad eaten 
each other, instead of strewing their bones and those 
of their antagonists through me wUds of Dacia and 
along the banks of the Danube." 

Why is it an error to consider Apothtearie^ profits 
vncommMdy extravagant f 

Because this great apparent profit is frequently no 
more than the wages or labour. The skill of an apo- 
thecary is a much nicer and more delicate matter than 
that of any artificer whatever ; and the trust which is 
reposed in him, is of much greater importance. He is 
the physician of the poor in all cases, and of the rich. 
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where the distress or danger is not very ^reat. His 
reward, therefore, ought to be suitable to his skill and 
his trust, and it arisesjzenerally from the price at which 
he sells his drugs, ant the whole drugs wh^ch the 
best employed apothecary in a large manLet^town will 
sell in a year, may not, perhaps, cost him above thirty 
or forty pounds. Though he should sell them, there- 
fore, for three or four hundred, or at a thousand per 
cent, profit, this may frequently be no more than the 
reasonable waces of his labour, dbarged, in the only 
way in which he can charge them, upon the price of 
his drugs : the greater part of the apparent profit is 
real wages disguised in the garb of profit— Z>r. Mam 
Smith's ffealth of Mttions. 

WEIGHTS AND MEASURES. 

Wnjf do we use the grain we^ki 9 

Because all weights and measures in England were 
originally derived from a grain of wheat: vide statutes 
51 lien. III. 31 Ed. I. 12 Hen. VII. which enacted 
that 32 of them, well dried and gathered fi*om the 
middle of the ear, were to make one pennv- weight ; 
but it was subsequently thought better to divide the 
dwt into twenty-four equal parts, called grains. All 
measures of capacity, both liquid and dry, were at first 
taken from troy- weight ; and laws were passed in the 
reign of Henry III. enacting that 81b. troy of wheat 
taken firom the middle of the ear, and well dried, 
should make one gallon of wine measure. Weights 
a&d measures were invented 869, B. C; fixed to a 
standard in England, 1257; regulated, 1492; equal- 
ized, 182a 

fFhf has ike pendulum been resorted to in regulaiing 
modem weights and measures f 

Because it has enabled us practically to carry into 
efiect the idea of seeking for a unit of measure in some 
WBchangeAble natural object ; the great law of the pen- 
dulum-being, that its oscillations are always performed 
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in die same time. The Btandards that IntTe been 
usually proposed for the above purpose, have been 
some aliquot port of the quadrant of the meridian, or 
the length of a pendulum vibrating seconds in some 
given latitude.^ The latter has been in so far adopted 
into the existmg system of weights and measures^ 
established by the Act of Parliament of 1834, that the 
length of the standard yard, as compared with that of 
a pendulum vibn^g seconds in the latitude of Lon- 
don, is determined to be in the proportion of 36 inches 
to 39 ^ inches. 

The pendulum, as a time-keeper, has been men- 
tioned in another portion of the present work.* 

Why are tht foot^ ^yord, ifc iised at measures ? 

Because the earliest standards seem to have been for 
the most part derived from portions of the humain body : 
as the cubit, or the length of the arm from the elbow 
to the tip" of the middle finger ; the foot ; the vino, 
arm, or yard ; the span ; the digit, or finger ; the fit- 
thorn, or space from the extremity of the one hand to 
the extremity of the other, when they are both extended 
in opposite directions ; the pace, &c. ' These were not, 
however, ^ecf standards, as the size of the different 
parts of the human body differ in different individuals : 
hence it became necessary to select some durable arti- 
cle, a metallic rod, for example, of the length of an 
average foot, cubit, &:;c. and to make it the standard 
with which all the other feet, cubits, &c. used in men* 
suration, should correspond. These standards have 
been preserved with the greatest care ; at Rome they 
were kept in the temple of Jupiter ; and amone the 
Jews, their custody was entrusted to the fiunify of 
Aaron. 

This standard has been maintained without any sen 
sible variation. In 174% the Royal Society had s yard 

made, fi*om a very careful comparison of the Btaadaid 

. — , » ■ . ' I ' 

* See Mbchaivics, p. 14-15. 
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elk or yards of the reigns of Henrv VII. and Elizalbetb, 
kept at the Exchequer. In 1758, an exact copy was 
made of the Royal Society's yard ; and this copy hav* 
ing been examined by a Committee of the House of 
Conunons, and reported by them to be equal to the 
standard ^ard, it was marked as such: this identi- 
cal yard is declared, by the Act 5 Geo. IV. cap. 74, to 
be the standard of lineal measure in Great Britain. 

Without entering into standards of an abstract kind, 
we may here observe, that "a real material measure 
must be constructed, and exact copies of it taken. The 
great difficulty is, however, to preserve it unaltered 
fix>m age to age ; for unless we transmit to posterity the 
units of our measurementjs, such q^ ire Kavt oursdvet 
used thtm, we, in fact, only half bequeath to them our 
obsei^ations." Mr. J. F. Herschel thinks this point 
much neglected, and suggests that <^accurate and per- 
fecUy aumentic copies of the yard and pound, executed 
in platinum, and hermetically sealed in glass, should be 
deposited deep in the interior of the massive stone- w<»'k 
of some great public building, whence they could only 
be rescued with a degree of difficulty sufficient to pre- 
clude their being disturbed, unless on some very high 
and urgent occasion. The fact should be publicly re- 
corded, and its memory preserved by an inscription. 
Indeed, how much valuable and useful information of 
the actual existing state of arts and knowledge at any 
period might be transmitted to posterity in a distinct 
form, if, instead of the absurd and useless deposition 
of a few coins and medals under the foundations of 
buildings, specimens of ingenious implements, or con- 
densed statements of scientific truths, or processes in 
arts and manufactures were substituted.'' 

MONET. 

ffhy is the term Mandard usedf 

Because it may designate the purity and weight of 
coins ; that is, the fineness of the metal of which they 
are made, and the quantity of it contaii^ed in them. 

PART. X. . c 
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Money was coined in the Temple of Juno MonUa, 
whence our English word maneyj and the monetary of 
political economists. 

A pound troy, or 12 oz. of the metal of which En- 
glish silver coins are made, contains 11 oz. St dwts. pure 
silver, and 18 dwts. alloy. This pound is coined into 
66 shillings, so that each shilling contains 80.727 grains 
of fine silver, and 87J27 grains of standard silver; and 
the money povndj consisting of 20 shillings, contains 
1614i45 grains standard silver. From 1600 down 
to 1816, the pound weight of standard silver bullion 
was coined into 62 shillings. 

The fineness of gold is estimated by carat grains 
eauivalent to 2^ dw§. troy ; gold, of the hi^est deffree 
or fineness^ or pure, being said to be 24 carats nne. 
The purity of our present gold coins is 11 parts* fine 
gold, and 1 part alloy. The sovereign, or 20 shillinff 
piece, contains lld.001 ffrains fine gold, and 123.274 
grains standard gold. The pound troy of standard 
gold is coined into 46 sovereigns and So^^ ^^ ^ sove- 
reign, or into 461. lis, 6d, The mint or standard price 
of gold, is, therefore, sud to be 461. lis. 6d, per lb. troy, 
or ol> 17s, lOhd, an ounce. 

fFhy has not the standard hten preserved inviolaie f 
Because of the necessities of governments, and the 
unfounded notion, so generallv dififused, that coins de- 
rived their value rather firom me coinage than fix>m the 
quantity of metal contained in them. Coins have 
been less enfeebled in England than in any other 
country; but even here the quantity of silver in a 
pound sterling, is less than the third part of a pound 
weight, the quantity it contained in 1300. 

Mlof is mtmey called sterling f 

Because in the time of Richard I., monev coined in 
the east part of Germany, came in special request in 
England, on account of its purity, and was called 
Easterling Money, as all the inhabitants of those parts 
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were called Easterlings ; and soon after some of these 
people, skilled in coining, were sent for to London, to 
Dring the coin to perfection, which was soon caUed 
Sterlings from Easterling. 

Money, as a medium of commerce, is first mentioned 
in Genesis, chap, xxiii., when Abraham purchased a 
field as a sepulchre for Sarah, in the year of the world, 
2139 : money was first made at Argos, 894 years B.C. ; 
has increased eighteen times in value from 1290 to 
1530 ; and twelve times in value from 1530 to 1789. 
Silver has increased thirty times its value since the 
Norman Conquest : viz. a pound in that age was three 
times the quantity it is at present, and ten times its 
value in purchasing any eonmiodity. 

Wky ia numey c^so called coin and cash^ 
Because coin (cuna pecunia,) firom the French coigrij 
i. e. angvluSj a comer, whence it is supposed that the 
most ancient coin was square. Cash is from the French 
term caisse^ i.e. chest or cofiin, for the keeping of money. 
The coining-press was introduced into England m 
1563 ; and machinery for coining by Boulton and Watt, 
at Soho, near Birmingham, about the year l^K). The 
coining-press of the Koyal Mint has already been no- 
ticed.* 

ffliy 19 there alloy in coins f 

Because it may save the trouble and expense that 
would be incurred in refining the metals to their high- 
est degree of purity ; and because, when its quantity is 
small, it renders the coins harder, and less liable to be 
worn or rubbed. 

Fliy is there a cross and pile side of a coin ? 

Because Constantine, with religious zeal, put a cross 
in place of the beast (to be explained) ; and in the old 
Gaulish language, a snip was called pHe : hence also 
the game of cross and pile, and the vrord pHot 

* See Mbcha-itics, p. S7. 

c2 
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Jfhy 18 not the value of mcmey ihe^ same in aU anm- 
tries $ 

Because the use of coined money does not change 
the principle on which exchanges were conducted pre- 
viously to its introduction. The coinage saves the trou- 
ble of weighing and assaying gold and silver, but it 
does nothmg more. It declares. the weight and purity 
of metal in a coin ; but the valtie of that metal or coin 
is, in all cases, determined by those principles which 
detertnine the value of other thing^ and would be as 
little affected by being recoined with a new denomina- 
tion, as the burden of a ship by a change of name. 
Money is, indeed, as much a commodity, as bars of 
iron or copper, sacks of wheat, &c. 

Hliy do we use the term a pound 9 

Because, originally, the coins of all countries seem 
to have had the same denomination as the weights 
commonly used in them, and contained the exact 
quantity of the precious metals indicated by their names. 
Thus, the taler^ was a weight used in the earliest pe- 
riod, by the Greeks ; the aSj or vondoy by the Romans ; 
the pound by the English ana Scotch ; and the livre, 
by the French; and 3ie coins originally in use in 
Greece, Italy, and France, bore the same names, and 
weighed precisely a talent, a pondo, a livre, and a 
pound. 

The metal which our ancestors used as their medium 
of exchange, they first divided by pounds, which word 
■till remains among us to signify twenty shillings ; this 
being about the just value that so much copper bore in 
those days. This was called as in Latin, which, ac- 
cording to Varro, is derived from «w, signifying copper. 
They used it first in bullion, unmarked — but to save 
the trouble of weighing this pound, or the lesser parts 
of it, and to give it a readier currency, they stamped 
upon one side the figure of a ship, as an emblem of 
commerce, with the weight and value ; and on the re- 
verse, the picture of one of those beasts which are de- 
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ngned by the word Peeus^ bb being the most prized 
commodities ; whence money came to be afterwards 
called Pecunia, in Latin, — end hence the English word 
pecuniaiy. 

fFhy is Vut, guinea 3o called 9 

Because the sold with which it was iSrst coined in 
the rei^ of Charles II. was broug^ht from Guinea. 
For" this reason also, the guinea originally bore the 
impressionof an elephant. 

The term sovereign is not new in our coinage ! in 
the time of Edwara VI. there were both 8oyere]glu^ 
and half-sovereigns, and nobles, as appropriate attend- 
ants on the sovereign. 

Why is ihe shUling so caliedf 

Because of its corruption from the word safiingy the 
etymology of which would lead us to suppose it to 
have been a certain quantity of uncoined silver ; for, 
whether we derive it frpm sceylan, to divide, or sceaU^ 
a scale, the idea presented to us by either word is the 
same-— that is, so much silver cut off, as in China, and 
weighing so much. — Tumors An^o-Saauma. 

Why were groaU first coined^ 

Because, in the Saxon time, we had no silver monev 
bigger than a penny, nor afler the Conquest, till Ed- 
ward III., who, about the year 1351, coined grasses^ 
(groats, or great pieces,) which passed for fourpence ; 
so the matter stood tiH the reign of Henry VIL, who, 
in 1504, first coined shillings. 

Why ,is the jtenny so called ? 

Because of its aerivation from the Latin petunia^ 
mohey. Until the time of Edward I. the penny was 
struck with a cross, so deeply indented in it, that it 
might easily be Inroken, and parted on occasion, into 
two parts, thence called half-pennies ; or into four, 
thence called /biir-<Atfig',9, or farmings. ^ But that prince 
coined it without indenture, in lien of which he first 
struck round halfpence and ftrthings. 

c3 
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• Why was tht hanking gysUm first introduced inia 
Kngland ? 

Because, in the turbulent times of the Common- 
wealth, the merchants and tradesmen, who had before 
trusted tfieir cash to ,tbeir servants and apprentices, 
found that no longer safe ; neither durst they leave it 
in the Mint, by reason of the distress of majesty itself, 
elthouffh this was before a public deposit. In the year 
1645, they first placed their cash in the hands of gold- 
smiths, who began to exercise both professions. We 
quote these facts fi*om Pennant, who states the first 
regular banker to have been Mr. Francis Child, gold- 
smith, who began business soon afler the restoration ; 
but Granger mentions Mr. Child as successor to the 
shop of Alderman Backwel, a banker, in the time of 
Charles II., who was ruined by the shutting up of the 
Exchequer, in 1672: he lived in Fleet-street, near 
TempJe^r, where the banking business of the Childs 
is conducted to this day. 

About fifty years afler the above, in 1730, the credit 
of Bankers was much iirjared by what has been in oul* 
times called a panic, or run. Swift turned their tribu- 
lation to humorous account Thus, in some lines of 
the above date : — 

" The multiittde's caprletoui pnnki 

Are said to represent tbe seas ; 
Which breaking Bankers and the Banks, 

Remove their eii^n where'er they please. 

• ♦•«*• 

No money left for squandering heirs! 

Bills turn the lenders into debtors : 
The wish of Nero now is theirs. 

That they had never known their letters.'' 

Rymer mentions the draft and cheque. The money 
changers of Scripture, die Trapiztsta of the Greeks, 
and £e Argentarii, or Numniularii of the Romany all 
illustrate the high antiquity of banking. 

Why is the Bank of Engla/nd an imporUmt adjunct 
rf. the Gonemmad of Great Britain $ 
Because it receives the taxes, pays the taxes, pays 
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the interest of the public debt^ and conducts the rarious 
other pecuniary transactions of the exchequer. For 
these services the bank receives a per ceintage, or com- 
mission, which amounts annually to about 260,0(XM. 
to which must be added the profit derived from the 
use of a floating balance due to the public, never less 
in amount than four millions sterling. This balance, 
employed in discounting mercantile bills at the rate 
of lour per cent, yields a revenue of WOfiOOl, per 
annum, which being added to the commission of 
260,000/. gives a totd of 420,0002. as the profit which 
the proprietors of bank stock derive every yearfirom the 
connexion subsisting between that establishment and 
the Treasury. — QuarUriv Kevieto^ M. 86b , 

The Bank of £ngland was first estabUshed in 1694 : 
Its projector was one Paterson, bom in Dumfiieshire, 
and said to have died of grief, occasioned by the in- 
gratitude with which he was treated by the world. 

Whf toere the labours of ike cdchemisU hene/tcial to 
mankind^ 

Because, however great their follies, 'their researches 
were instrumental in promoting the progress of che- 
mical discovery. Hence, in particular, mttaUic phar- 
macy derived its origin. Mr. Herechel justly observes, 
''among the alchemists were men of superior minds, 
who reasoned while they worked, and who, not con- 
tent to grope always in Uie dark, and blunder on dieir 
object, sought carefully in the observed nature of their 
agents for guides in their pursQits." 

Why is mercury used in ama^rwnsf 

Because, being habitually fluid, it readily combines 
with most of ^e metals. When these metallic mix- 
tures contain a sufficient quantity of mercury to ren- 
der them soil at a mean temperature, they are called 
amalgams, ... 

A work on metallurgy, and the use of quicksilver in 
refining gold and silver, was written by Alonzo Barba, 
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a clergTiiiaii of the church of St Bernard, at Potosi, 
m the year 1640^ who has by some writers been sup- 
posed to be the ioTentor of amalffamadon. He dis- 
covered the process by mere Bcciaent ; for, being de- 
sirous of fixing quicksilver, he mixed It with fine 
powdered silver ore, and soon found that die mercury 
bad attracted every particle of silver to itsell^ which 
presented him with the idea of refining metals by 
means of quicksilver. This experiment he made in 
the year lo09, but he was probably unacquainted at 
that time with smelting works in America, and does 
not appear desirous of claiming the invention of amal- 
gamation as practised in that country. The book, 
mouffh publisiied at that late period of the art, and 
notwithstanding there were many superior treatises on 
the same sulnect already published in German, was 
eonndered of such importance by the Spaninds, as 
containing all their metallurgic secrets, thai they en- 
deavoured to suppress it : but a portion of it was trans- 
lated into English in 1674. 

WOiUOMb METALS. 

ffhy are ike ancient Britons concluded to kavt been 
ttperi in toorking metals f 

Because the art of working in iron and steel had 
risen to such oerfection in die tenth century, that even 
the horses or some of the chief knights and barons 
were covered with steel and iron armour. Artificers 
who "vrrought in iron were so highly reffarded in that 
warlike time»'that every military officer had his smith, 
who constantly attended his person to keep his arms 
and armour in order. The chief smith was an officer 
of considerable dignity in the court of the Anglo- 
Saxon and Welsh kings, where he enjoyed many pri- 
vileges, and his wages were much higher than those 
of any other artificer. In the Welsh court, the king's 
smith was next in rank to the domestic chaplain, and 
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WM entitled to a draught of every kind of liquor that 
was brought into the hall. 

Why were heUowa first invented f 

Because they might imitate the action of the lungs 
and a hollow reed placed in the mouth of the blower, 
the latter being the first instrument employed for 
blowing a fire. Our common bellows appear to have 
been known to the ancient Greeks, and Roman lamps 
have been found in the form of bellows. 

Jfhy 13 U to be regretted that toe knoto hut lUUe qf 
the ancient construction of bellows ? 

Because more information on tliis subject would en- 
large the knowledge we possess of the metallurgy of 
* the ancients. 

Strabo tells us, on the authority of an old historian, 
that Anacharsis the Scythian philosopher, invented 
the bellows, the anchor, and the potter's wheel ; but 
this seems doubtful, as Pliny, Seneca, Diogenes, 
Laertius, and Suidas, only attribute the two last to 
him ; and Strabo also remarks, that the potter's wheel 
is mentioned by Homer, who lived prior to the time of 
Anacharsis. It is, therefore, probable that the latter 
became acquainted with the invention on his travels, 
and having made it known to his countrymen, was 
looked upon as the inventor. — Beekmann, 

Why are forge-beUows constructed with three hoards f 
Because they are required to keep up a constant and 
unremitting stream of air through the fuel, to keep it 
in vivid combustion. Thus, the centre board is ^ed, 
and furnished with a valve opening upwards, the 
lower board being movable with a valve. also opening 
upwards, and the upper board being under a continuiu 
pressure by weights acting upon it. When the lower 
board is let down, so that the chamber between it and 
the middle board is enlarged, the air included between 
these boards being rarefied, the external pressure in 
tlie atmosphere will open the valve in the lower board. 
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nnd the chamber between the lower and the middle 
boards wUl be filled with air in its common state. 
The lower board is now raised by the power ivbich 
woiics the bellows, and the air between it and the 
middle board is condensed. It cannot escape through 
the lower valve, because it opens upwards. It acts 
therefore, vnth a pressure proportional to the working 
power on the valve in the middle board, and it forces 
open this valve, which opens upwards. The. air is 
thus driven from between the lower and middle boards 
into the chamber between the middle and upper 
boards. It cannot return from this chamber, because 
the valve in the middle board opens upwards. The 
upper board beinff loaded with weights, it will be con- 
densed while included in this chamber, and will issue 
from the nozzle witib a force proportionate to the 
weights. While the air is thus rushing from the 
nozzle, the lower board is let down and again drawn 
up, and a fresh supply of air is brought into the 
chamber between the upper and middle board. This 
air is introduced between the middle and upper board 
before the former supply has been exhausted, and by 
working the bellows, with suffi> '^nt 'speed, a large 
quantity of air will be collected in tne upper chamber, 
Bp that the weights on the upper board will force a 
continual stream of air through the nozzle. — Lardntr. 

There are usually two blast*holes to conduct the 
stream of air from &e bellows to the laboratory of the 
furnace, placed on opposite sides, but so angled that 
the streams do not impinge on each other. The bel- 
lows are commonly cylindrical, and their pistons aire 
woiked by a steam-engine. 

ffhy care these hdlows superior to the house-^beUows f 

Because the latter are constructed only with two 
boards, and have thus only an intermitting action, or 
blow by fits, the action being suspended while the 
upper board is being raised. 

Pfhy €tre German heUoios made of wood superior to 
those tti common use $ 
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JBecauM the effect produced by them i8str6ng€r and 
more uniform, and they last longer. Some idea may 
be formed of this contrivance from the following 
sketch. The entire machine is composed of two 
boxes placed over each other, the uppermost of which 
can be moved up and down, in the manner of a lid 
with a hinffe ; but the sides of the upper box are suf- 
ficiently Hn-ge to contain the lower between them, 
when raised to its greatest extent. Both are &8tened 
together at the smallest extremity, where the pipe is 
inserted by a strong iron bolt. Thus, when the boxes 
fit each other with exactness, and the upper is raised 
over the under, which is immovable, the sjiace con- 
tained within both will be increased: consequently, 
more air will rush in through the valve in the bottom 
of the lower one ; and when the upper box ia again 
pressed down, this air will be expelled forcibly through 
the pipe. The only difficulty is to prevent any portion 
of the air from escaping at any other part of the ma- 
chine than the orifice of the pipe ; and this is obviated 
by tlie simple contrivance of^ placing movable slips of 
wood at the inner sides of the uppermost box, which, 
by means of metal springs are pressed to the sides of 
tlie lower box, and fiu up the intervening apace. 
— Bedemifam, 

IRON. 

Why 19 the use of iron bdieved to have been knoum 
in the earUest ages f 

Because or its frequent mention in the bible : 
thus. Tubal Cain, who lived nearly 4,000 years bej^re 
the commencement of the Christian era, was ''an 
instructor of every artificer in brass and iron." (Gen.iv. 
22.) and we read that Abraham took a knife to slay 
his son Isaac. (Gen. xxii. 10.) In these early times 
too, mention is made of shean and of shearing of 
sheep. (Gen. xxxviii. 12, 13.) 

Why is this kiwuiledge suppostd to have been afltn^ 
v>ards lost f 



34 KNOWLEDGE FOK THE PXOPLE. 

Because many of the ancient nations uaed atones, 
flints, the horns and bones of various animals^ the 
bones and AeUa of fish, reeds and thomfly for eTeiy 
purpose in which the modems now use edge tools of 
ffon and steeL 

Chronology informs us, iron was first discovered by 
the bummg of Mount Ida, 1406 B. C. lo England 
by the Romans, soon after the landing of CJcesar : fint 
discovered in America, in Virginia, 1715: first cast in 
England, at Blackstead, Sussex, 1544. 

ffhy tDOS iron, at one period forbidden to he uaed fry 
(he RomanSy except in agrieuUwrt ? 

Because they thought iron poisonous, and that 
wounds made with iron instruments healed with diffi- 
cult. OhemistFy has, however, Exposed this fiillacy. 
Fourcroy says iron is the only metal wl^ch is not 
noxious, and whose efiTects are not to be feared. In- 
deed, its effects on the animal economy are evidently 
beneficial. 

Why i» iron the most useful of metals ? 

Because it becomes softer by heat, and has the ca- 
pability of being welded to aneUier piece ofiron, so as to 
form one entire mass : and this may be done without 
rivets, solder, or melting either of the pieces. No other 
metal possesses this singular property, except ^pla- 
tinum. 

An iron wire only one-tenth of an inch in diameter; 
will carry 450 pounds without breaking. A wire of 
tempered steel of the same size will carry nearly 900 
pounds*— B^ocl:. 

fFhf has the iron trade of Great Britain increased so 
extraordinarily since the year 1750 ? 

Because then pit-coal began to be generally used for 
extnctinff cast iron fi*om its ores. In 1740, England 
and ScotMnd did not possess more tiian 59 furnaces, 
producing 17,000 tons; whereas in 1887, they had 
mcreased to 384 furnaces, producing 690,000 tons. A 
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wthet in a Frendi Journ^ dierefiini, descrilns ph- 
coal as " the prime element of the maiiufiiclures and 
ihe weolth of England." The mean annual amount 
of Ihe eiporialkon of iron anil Rttel t'roni tliis rounlrj', 
in bars and wrought works, ia from 1,200,0001. to 
1,500,0002. The ansual quontiiy of iron nmudhc- 
tured in Great Britain is 690,000 tons. 

In the great iron wortus, the ore, broken into small 
pieces, and mixed with lime or some other substsnee 
to promote its fusion, is thrown into thefUmace; and 
|}Hsket3 of charcoal or coke, in due proportion, are 
thrown in along with it. A part of the bottom of 
tlie furnace is filled with fuel only. This being kin- 
dled, the blast of the grt^at b<;llowa is directed on it, 
and soon r^ses the whotn to a most intense heat : 
tliis melts the ore immediaioly above it, and tiie re- 
duced metal drops down tlirough the fuel and CDlle<Ma 
at the bottom. Thereat ankadown to fill up Ihe void 
left by the conaiimfid fuel, and liiis, in its tnm, comes 
next in the way of the bellows, and is also reduced. 
More ore and fuel ore supplied above, and the opera- 
tion ^es on till the melted metal at the bottom, in- 
ereOBing in quantity, risea almost to the aperture of 
the blast ; it is let out by piercing a hole in the side of 
the furnace, ftnd tlien forms ivfial are called pigs of 

The Butterley iron-works ore amongst the most im- 
portant in this country. Here are three ftimaces, each 
capable of produdng thirty-five tons of pig iron, or 
cru<le cast iron, per ireek. The blast furnaces are 
about forty feet high, and ahont thirteen in the largest 
diameter. When charged, they contmn about 3,500 
cubic feef of iron stone) coke, and lime-stone, which 
produce one ion of melting iron. When heated, they 
are kept in a state of intense heat for many months or 
years, without intermission, and are CHjnstantly sup- 
plied at the tops with materials. Blast cyfindets, 
worked by a steam-engine of PO-horse powpr, continu- 
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aUy urge a stream of air into the furnace. The irolume 
of air thus mipporting the combustion, may be esti- 
mated by the contents of these cylinders, ^rhich are 
six feet diameter, with a stroke of eight feet long, re- 
peated thirteen times per minute, and doubled by a 
reciprocity motion, causing a consumption or decom- 
position of ^40 cubic feet of air per minuy^e. In the 
founderv attached to these works, were calt the iron- 
work of Vauxhall Bridge ; the columns of the Kind's 
Theatre in die Haymarket ; many of the works in ttie 
dock-yard at Bbeemess ; the famoua roof of the Rum 
Quay at the West India docks; and nearly all the 
pipes of the West Middlesex water-works. Sugar- 
mills for expressing the juice from the cane in the Co- 
lonies, are also manufactured here ; and the proprietors 
have exported upwards of 150 steam-engines to the 
same quarter wi^in the last seven years. Here ¥ras 
made the steam-engine which supplies Calcutta with 
water : the nabob or kinff of Oude, has had one to 
work a pleasure steam-yacht, and another on a small 
scale to vrbrk pwnkas or large fens, to ventilate and 
cool his apartments. 

At the Coffnor Park works, on the borders of Derby 
and Notts, me Buttejrley Company manufacture bar 
iron in all its forms of convenience and utility. Then* 
vasmess is thus described : ^ Conceive a space as large 
as Lincoln's Inn Fields, covered with extended fires 
and smoke, with the rumbling of blasting endues, the 
thumping of welding-hammers, and scores of men car- 
rying about masses of iron at a white heat : imagine fur- 
naces of melted iron, with their narrow doors, through 
which liffht flows with sensible momentum, and blinds 
those who dare to look upon the liquid lakes within : 
behold sets of revolving wheels, one of them twenty- 
four feet in diameter, weighing twenty tons, yet whirl- 
ing seventy-two times in a minute ;. and see the con- 
nexion of this balance and regulator: view twenty 
kinds of apparatus, alive, as it were, and with Cyclops 
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moving amqn^ them, and you have before you these 
vast Derbyshire iron-works. To comprehend, in a 
sentence, die woi^ carrying on by the Butterley Com- 
pany only, I may observe, that in its iron and coal* 
vnms it employs twenty-five steam-engines with the 
power of 700 horses^ and at this time gives employment 
to 1500 men, as miners, colliers, furnace-men, mould- 
ers, steam-engine fitters, smiths, labourers, fee."* 

ffhy is Sioedish superior to British ironf 
Because the Swedes smelt with wood instead of 
coke. It is imported into England in great quantities, 
and is chiefly used for carbonization in steel. 

Why is iron deprived of its maUeabHity by long-con- 
tinuea hammering ? 

Because it loses a portion of its latent caloric ; Dr. 
Black being of opinion that metals are malleable in 
proportion to the matter of heat which they contain in 
a latent state. 

Why is cast-iron puddled and rolled f 

Because a principal part of the foreign substances 
are thus burned away or squeezed out, and malleability 
is conferred upon the metal by rendering it more pure. 

By this curious process of pvddling, cast-iron, after 
it has been to a certain extent r^med^ by refusion in a 
forge, is, in this country, converted into wrought iron. 
The cast iron is put into a reverberatoiy furnace, and 
when in fusion, is stirred, so that every part may be 
exposed to the air and flames. After a time, the mass 
heaves,jemits a blue flame, gradually grows tough, 
and becomes less fusible, and at length pulverulent ; 
the fire is then urged, so that the particles again agglu- 
tinate at a welding heat, and are jzradually wrought 
up into masses. In that state of intense heat, the 
masses are passed successively between rollers, and the 
bars made malleable. They are cut into pieces, placed 
in parcels in a very hot reverberatory, and again ham- 

* Abriilgsd from Sir R. PbillipB'« Personal Tour, Part ii. 1830^ 



mered or rolled otit into ban. They are t^ye re adBwd 
more tougb, flexible, and malleable, but nsuell leat 
fiudble, aid may be considered as nearly pure iron. 

ffhy i» inn better caH perpendicularly than kariwf^ 
kMvf 

Because of the pressure of the upright columsy 
which renders the iron much less liable to .idr-bubhles 
and imperfections of that kind, which defeat the skill 
and calculations of the machinist If this upright 
pressure be increased by a weight of extraneous ineta], 
the casting is still more likely to be sound. 

Why does a rod of wrought iron, if plunged into coil 
iron injusionj beayme ateel ? 

Because the iron absorbs part of the carbon. What 
is called ccue-hardening, is a conversion of the sur/cKe 
of iron into steeL 

Why is (he process by which iron is c^/tterUd into 
steet^ called cemeniatiaii^ 

Because it conidsts in heating bars of the purest iron 
in contact with charcoal; it absorbs carbon) and in- 
creases in weight, at the same time acquiring a blis- 
tered surface. This, when drawn down into soialler 
bars, and beaten, forms tUted sted; and this broken 
up, heated, welded, and again drawn out into haxa^ 
forms shear-sUeL 

In this process it has been commonly considered tbat 
the carbon combines mecJumicaUy with the iron ; our 
chemists have, however, long been of opinion, diat it 
is a chemical combination that takes place, by the grar 
dual absorption of carbon in the gaseous state, by the 
iron. This fact has been proved by Mr. Charles Mack- 
intosh, of Crossbasket, Lanark, who has takea out a 
patent for preparing steel, by subjecting the iron to a 
stream ef carburetted hydrogen gas, evolved from coal 
under distillation. This iron is enclosed in a pot or 
crucible in. the furnace, and when arrived at the pro- 
per heat, a stream of gas is directed by a pipe into the 
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cruciMe, Which has another aperture tx) allow that part 
of tho ^ to escape, which has not been takei^ up by 
the nietal. Steel, in ingots, is porous ; but, to confer 
solidity, it is hammered, tilted, and rolled. At Atter- 
clifTe, near Sheffield, are extensive works for these pur- 
poses. Here, by the power of a water-wheel, fifteen 
feet in diameter, hammers are worked, weighing from 
3 to 4^ cwt and strike, at ten or twelve inches &11, 
from 100 to 220 times in a minute. The ingots, at a 
strong red heat, are exposed to the action of these ham- 
mers, and the metals condensed into bars, which are 
next submitted^ at the same degree of heat, to the 
tilting hammer, which gives 300 strokes per minute: 
^istly, they are rolled or flattened into sheets, an^ 
drawn into lengths. Six tons a week are hammered 
down by one hammer; about three tons are tilted; 
and twentv-fbur tons can be rolled, working night and 
day, l^y relays of hands. 

The making of steel is afntish maifU&cture scarcely 
sixty years old. Previously it came from Austria and 
Syria, add was dear and litde used. It is, however, 
now heated, welded, cut, and moulded in this country, 
with nearly the same facility as deal wood by an or£- 
nary carpenter. 

Why doe9 a drop of mine acidy let faU upon steely 
occasion a hlcuk spot f 

Because the iron is dissolved, and the carbon thereby 
exposed to view. — Pcarkes, 

Why %8 sted tempered'^ 

Becaulse, when steel is heated to a cherry-red colour, 
and then plunged into cold water, it becomes so ex- 
tremely hard and brittle, as to be unfit for aljxiost any 
practical purpose ; and tempering reduces it from this 
extreme hardness, by heatibg it to a certain point or 
temperature. 

The polishing of steel is not executed in the same 
manner as that of the softer metals : the steel is not 

d3 
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polished until h has been hardened, and the harder it 
ifl, the more briUiaDt wiU be its poUab. Rotten-stone, 
a kind of very light tripoli, bat finer than the other 
sorts, and found near Bakewell, in Derbyshire, is 
esteemed fbr general polishing ; but steel, from its ex- 
treme hardness, requires to be polished with emery. 

ffhy are vaaruma colours produced on heated steel 9 
Because of the oxidation which takes place, as is 
proved from the circumstance that when steel is heated 
and suffered to cool under mercury or oil, none of the 
colours appear ; nor do they when it is heated in hy- 
drogen or nitrogen. — Brande. 

Why u a cuttonuary to judge of the temper of steel by 
Us eoioursf 

Because, the surface being a little brightened, exhi- 
bits, when heated, various colours, which constantly 
chanse as the temperature increases. Thus, when 
steel IS placed in a bath heated to 600^, the first change 
is at afa^ut 430% which is very faint ; at 460", the co- 
lour is straw, becoming deeper as the temperature is 
increased; at SOO'^, the colour is brown; this is fol- 
lowed by a red tinge, with streaks of purple, then pur- 
ple ; and at nearly G00% it is blue, ^he degrees at 
which the different colours are produced, being thus 
known, the workman has only to heat the bath with its 
contents up to the required point For example, sup- 
pose the blade of a pen-knife, (or a hundred of them,) 
to require tempering ; they are suffered to remain in 
the bath until tne mercury in the thermometer rises to 
460*, and no longer, that being the heat at which the 
knife (supposing it to be made of the best Bnglish cast 
■teel) will be suMcitotly tempered. 

fHy is east steel so caUedf 

Because it is prepared by fusing blistered steel with 
a flux compoaea or carbonaceousand vitrifiable ingre- 
dients, castmg it into bigots, and afterwards by gentle 
headng,and careful hammering, giving it the fbiTn of 
bars. 
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my u Ae PnwuiN «t«d m ealUdf 

Because it ja as alloy of steel wilh certain portioTM 
of other metals &om Peru. It is, technically speakiur, 
taddrr, not so easy to work ss odier steel, and yetnuich 
harder and tougher than any other. 



Ifhy u tted lutd for making aMae 
Because it eombines the fiisibilitT or 



fiisibility or cast with the 



The rapidity with ivhich rnzora, knives, &(■. are pro- 
diirtd froiii the raw material, is truly astonishing. 
Tims in tlie workshops at Sheffield, we may In a few 
miDiites see dinner knives made from the steel bar 
and all the process of hoiomGiing it into form, welding 
the tani; of the handle to the steel of tlie blade, hard- 
ening' the melal by cooling it iu water and tempering 
it by de-carbonizing it in the fire. 

Tbe number of hands through which a common 
table-knife passes in ila formalian is wortljj of being 
known to all who use them. The bar steel is heated 
in the forge by Iht molar, and he and thr. sinker reduce 
it in a feW minutes into the shape of aknifb. He then 
heats n bar of iron and welds it to the steel so as to 
fbnn (he tane of the blade wliich goes into the handle. 
All this is done with the umpleat tools and contri- 
infticeB. A few rtrokes of the hammer in connexion 
wilh i«omo trifling monlde and measures, attached to 
thp anvil, perfect, in two or three niinutes die blade 
and its tang or shank. Two nien, the maker, and 
striker, produce about nine blades in an hour, or seven 
dozen and a half per day. The rough blnda thua 
produced, then passes through the hands of the filer, 
who files the blade into form by means of a pattern in 
hard ^eel. It then goes to the hafters to be hnfted in 
ivory, jiom, &c and then to the finisher. In tblapro- 
fp^iun, every table-knife, pocket-knife, or pen-knife, 
pa«ea, step by step, through no less than 16 hands 
or 144 KpparBie Klngcs of workmaiwhip. 
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Sheffield employed about 15^000 peraons ia theee 
departments, four years since : 

On table-kolvw fi^MO 

On ■pring-knivM ...--• Sl,190 

On rmzon - - - ' - - 478 

On aciaaon - - - - - g06 

On files i;»4 

On saws -------- 400 

On edited tools ...... 541 

On forks 480 

InUieeoanUy ....... lao - 

In Um plated trade nearly - - - - SiOOO 

About 10,549 

fiesides those who are employed in Brhannia-metal 
ware, smelting, optical instnimentB, grinding, polish- 
ing, &c. &c making iiill 5,000 more. There are full 
1,700 forges engaged in the yarious branches of the 
trades, and of course as many fires. 

Why art the moH minuU tmstruments generally made 
tmth good tUelf 

Because it is much more ducdle than iron : a finer 
wire being drawn from it than from any other 
metal. 

Why is Woolz or Indian steel the tnost vatuable far 
making edge tools f 

Because it is combined with a minute portion of the 
earths, alumina and silica ; or rather perhaps, with 
the bases of these earths. Whether the earths vre 
found in the oar, or are furnished by the crucible in 
making the steel, is not certainly known ; nor is the 
Indian steel-maker probably aware of their presence. 
Wootz, in the state in which it is imported, is not fit 
to make into fine cutlery. It requires a second fusion, 
by which the whole mass is purified and equalized, 
and fitted for forming the finest edge instrumeuts. — 
Brandt* 

Why does a razor operaU best uihen dipped in hoi 
waterj 
Because the temperature of the blade has then been 
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raised) and the fineness of the edge pn^rtionally in- 
ereasM^. 

In some experiments, the knife edges attaehed to 
^ the pendulum described by Captain Kater, in Phil, 
IVans, 1818, on being carefully hardened and tern* 
pered in the bath at 432% were, on trial, found too 
soft. They were a second time hardened, and then 
heated to 212*^, at which pcnnt the edges were ad- 
mirably tempered. This, it will be remembered, is 
the heat of boiling water, and further illustrates the 
preceding question. 

In the manufacture of a razor, it proceeds through 
a dozen hands; but it is afterwards submitted to a 
process of grinding, by which the concavity is perfected, 
and the fine edge produced. They are made from 
Is. per dozen, to f&is, per razor, in which last the 
handle is valued at 16^. 6iL — Scissors, in like manner, 
are made by hand, and every pair passes through 
sixteen or seventeen hands, including fifty or sixty 
operations, before they are ready for sale. Common 
scissors are east, and when riveted, are sold as low as 
4b, 6d, per grossJ Small pocket knives too are cast, 
both in bla&s and handles, and sold at 6$. per gross, 
or a halfpenny each ! These low articles are exported 
in vast quantities in casks to all parts of the world. 

ZINC. 

Why 18 ZiyK useful in ffu artsf 

Because, in combination with copper or tin, in 
various proportions, it forms some oi the most useful 
compound metals or alloys. Thus, with copper, it 
constitutes brass, piachback, and tombac ; with little 
copper. Prince's metal ;* with tin and copper, bronze^ 

Rools ooveied with zinc are very numerous^in the 
Low Countries but have one bad quality. In cases of 
fire, the zinQ^belng very combustible, soon becomes in- 
flamed,, and falling all around, occasions great danger 

*See BoMKBTic^isifcs, page 65. 
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to those who approach the building. In short* zinc is 
the most combustible metal we have. If beaten out 
into thin leaves, it will take fire from the flame of a 
common taper. 

Why has the oxide qf zinc been substituted for 
white lead in house-painting. 

Because it preserves a good colour much longer: 
it is not, however, of so penect a white «s lead. 

TIN. 

ffliy did the ancient mix tin with their copper coins 
and edge tools ? 

Because it occasioned the coins to wear longer, and 
it imparted sufficient hardness to the coppei' to render 
it capable of forming very good cutting instruments. 
Mr. Parkes, in analysing several Roman brass coins^ 
from various periods of the Empire, found tin to be a 
component part in aU of them. 

Why is not Spanish tin used in this country f 
Because it bears a prohibitory duty of 30/. per cent. 
It is raised in great quantities in South America, and 
is very pure, but not so neatly manu&ctured as the 
Cornish tin. According to Anstotle, the tin mines of 
Cornwall were known and worked in his time. Dio- 
dorus Siculus, who wrote 40 years before Christ, des- 
cribes the method of working these mines, and says, 
that their produce was conveyed to Gaul, and thence 
to different parts of Italy. The miners of Cornwall 
were so celebrated for their knowledge of working 
metals, that about the middle of the 17th century, 
the renowned Becher, a Physician of Spire, and tutor 
of Stahl, came over to this country to visit them. 

'A celebrated tin mine was the femous wherry mtne, 
near Penzance. The shaft through which the miners 
went down to work, was situated nearly IQO yards 
below water mark. ^ The opening of tiiis nunc'' says 
Dr. Maton, ""^as an astonishingly adventurous un- 
dertaking. Imagine the descent mto a mine through 
the sea, uie miners working at the depUi of 17 fiithoms 
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Mow tbe waves; the rod of a steam engine, extend** 
ing from the shore to the shaft, a distance of nearly 
VS) &thoms, and a great number of men moment- 
arily menaced with an inundation of the sea, which 
continually drains in no small quantity through the 
roof of the mine, and roars loud enough to be dis- 
tinctly heard in it" The working of this mine was 
wholly given up in the year 1798. 

Such is the mineral wealth of Cornwall, that it 
contains more men, who possess fortunes, sprung 
from the mines, of five and from that to twenty 
thousand pounds, than there are in any other county 
of England, excepting the metropolis and its vicinity; 
and there are some instances of individuals acquiring 
fix>m fiily to two hundred thousand pounds, firom the 
mines, and by a fortunate course of trade. 

ffhy shovld tin he thosenfor Ua lightness^ 
Because its purity is in exact ratio with its levity ; 
while gold, on the contrary, unless alloyed with plati- 
num, is fine in proportion to its density. 

fFhy is tin so important to the dyer^ 

Because it is employed to give a h^i^htness to cochi- 
neal,* archil, and other articles used m forming reds 
and scarlets ; and to precipitate the colouring matter 
of other dyes. For these purposes it is previously 
dissolved in a peculiar kind of aqua-fortiSf called 
dyers* spirit. 

Tin IS consumed in large quantities by the dyers ; 
it is also used for covering sheet iron to prevent its 
rusting, and in forming plumbers' solder, speculum 
metal, pewter, and some other alloys. Its oxides are 
used in polishing glass, in glazing some kinds of 
earthenware, &c. 

fVhy is tin-plate so called^ 

Because it is made by dipping clean iron plate^^ 
mto melted tin. When tin-plate is washed over with 

*See ZdoLoov— /wMcto^page 858* 
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• weak acid, tbe crystaUine texture of the tin be- 
comee beautifully evident, fonniog an aippeatanoe 
which has been called motre mdoBtgue. 

fllnf tare pins tthHtntd 6y hoUing in gtom-lm tad 
miperiartnUe ofpcftatk f 

Becauae tlie tartaric add first diasolveB the tin, and 
th^ gradually deposits it on the surface of the pim^ 
in coDsequence of its greater affinity for the zinc, of 
which the brass wire is composed. 

Why were the Stannary Courts so eeitedf 
Because thejr regulatea tbe affairs of the tin {Stan- 
num^ Latin,) mines, and determined causes among the 
tinners, whether criminal or actions for debt. At Lyd- 
ford, on the borders of Dartmoor, was one of the Stan- 
nary prisons : hence the Devon and ComwaU saying : 

** First hang and draw, 

Then heir Uw cauM ^ Lydfard Law ; *• 

or Lydfiird Law, by which they hang men first, and 
try them aAerwards. 

LEAD. 

ffhy is lead employed in rdming the precious meialsf 
Because when mixed with them m a great heat. 
It rises to the surface combined with all heteroge- 
neous matter. Lead is employed to cover buildingi^ 
to form water-pipes, (though Vitruvius, the Bx>man 
architect, in the time of Augustus, condemned this 
practice,) and to make a great variety of vessels for 
economical purposes. Its oxides are used for dyeing 
and calico-printing, in the manufacture of glassL ealth- 
enware, and porceLain : and lead is capable of ronninff 
various alloys. There is also a large consumption of 
lead in making shot.* 

ffhv is lead employed in the fnan%ifacture of yMLs 
fiietaJ MtofM ? 
Because it has been discovered that a certain pro- 

* Bee MacHAifics, p. SM). 
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pottttott cCkad may be mixed widi tiie metal ibrmepljr 
usedf witliout iDJuring the appearance of the button ; 
thun afibrding a very considerable additional profit to 
•the mamifiictiirer. 

Why isjead employed to eorred harsh wmef 
Becanse it has the property of imparting a saccha- 
tine taste when dissolved in acids, as in that of thO: 
.wine. The ancients knew that this metal rendered^ 
harsh wine milder, but it was not universally known, 
to be pcnsonous. According to Pliny, the Greeks and 
Romans proved the quality of their wines by dipping a^ 
plate of lead in them, head will also take off thet^rans* 
cidity of oils. 

Why toere hhcks of lead caUed pigs^ 

Because they might be distinguished from, larger 
blocks, called soios, which latter term is still retained 
in tlie word iote-metcd. In 1773, a pig of lead was dug 
up near Tamworth, with an inscription of the date 
76, A.n., or 1697 years old ; thus proving lead: to have 
been used by the Romans in this country. 

Why is lead cast in svch regular sheet&f 
Because the melted met^l is sufiered to. runout of 
a bos: through a long horizontal idit upon a table prOf 
pared for the purpose, while the box is drawn by ap- 
propriate ropes and pulleys along the table, leaving the 
^melted lead behind it in the desired form, to congeaL 
The lead thus cast is then passed between two iix>n 
rollers placed at such a distance from each othev^ a9 
will reduce it to the requisite thickness. 

Why is common lead changed into red lead by m^ 
ingii in ovens toOk a free access of atmospheric aiip% - 

Because the lead absorbs so much oxygen as to be- 
come converted into an oxide. Thus, the melted lead 
is exposed until the surface is covered with a pefiieiej 
tiiis peihcle being removed, an6ther is formed; ana 
thus, by successively removing the pellicle aail fonda^ 
the greater part of the lead is soon dhanged into a jrel- 

FART X. £ 
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l owkiHg ieen powder. This powder is then groanMi 
a ndU, and when it has been washed and propeify 
^hied, is thrown back into the fiimace ; and tfaos^ by 
constant stirring for tliirty or forty hours, so as to expose 
everv part to £e action of the air, becomes red lead, 
and IS taken out for use. Twentv cwt. of lead gener* 
ally ffiTe32cwt of red lead; so that 2 cwt* of oxygen 
are morbed from the atmosphere during the procesa 

The only important alloys of lead are those with tin. 
Common vewUr consists of about 80 parts of tin and 
20 of leaa. Equal parts of lead and tin constitute 
pltunbera* saUkr ; and what is termed pot-metal^ is an 
alloy of lead and copper. 

The reduction of native lead upon a large scale, is 
a sufficienUy simple proceai. The picked ore, after 
having been broken and washed, is roasted in a rever- 
beratory fire, the temperature being such as to soften 
but not fuse it. During this operation, it is raked till 
the fumes of sulphur are dissipated, when it is brought 
into perfect fusion ; the lead, reduced by the fuel, 
sinks to the bottom, and runs out into oblong mouldi 
called pigs ; the scoriae are again melted, and furnish 
a portion of less pure meteJ. The mines of Great 
Britain afford an annual produce of about 48,000 tons 
of smelted lead. There is a peculiar variety of native 
lead, called in Derbyshire SUchmsides, which, when 
touched by the miners' pick, often splits asunder with 
a kind of explosion.* 

Plumbago, graphite, or hlack-lead, is generally re- 
garded as a true carburet of iron : it is not uncommon, 
mough rarely found sufficiently pure for pencils ; the 
coarser kinds, and the dust, are melted with sulphur, 

. *The pracUce and laws of mining in D^rbysbire, are somewlMC 
Cttribui. Sir Richard Phillips, in his recent Personal TVncr, telle m, 
" there ii a large district callea ike King's Fiddf and as the king is en- 
titled to a share, so any person finding a vein of ore. may, on giving 
notice to the BtuMnaster.Kn officer so called, work the said vein for 
Ilia own iMnefit, and the kind's. The Bar-master then places a croes- 
•Cick <m the spot, and the vera is deemed the legal property of the dia- 
coverer, who is, moreover, entiUed to a right of way to the neanaC 
puhHciead.** 
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to commoii carpenters' pencils : it is sometimes used 
vd manufiictnring crucibles, and in compositions for 
covering cast-iron, and for diminishing friction in ma* 
Ghinerjt* 

Mr. BakeweQ was informed at the celebrated mine 
in Boirowdale, that biack-lead, to the amount of one 
thousand pounds, had been obtained there in one day. 

Why %9 common uihiU4e€ul made hy exposing Bhut" 
had to acetic acidf 

Because the fumes of the acid oxidize the metal 
Thus, a number of crucibles, holding from three to six 
quarts each, and nearly filled with vinegar, are placed 
in hot-beds of tan: upon these crucibles thin sheets 
of lead, rolled up in coils, are placed, one coil over each 
crucible. The heat of the bed occasions the vinegar 
to rise in vapours, and this attaches itself to the lead, 
and oxidizes its .sur&ce to a considerable depth. The 
oxide which has been thus formed, is scraped off, and 
the coils of lead replaced : in this manner the opera- 
tion is repeated, until the whole of the metal is oxi- 
dized. This oxide, which contain^ a portion of carbo- 
nic acid, is aflerwards washed, and ground for sale. 

Why does linseed-oily hoUed wiih red-lead, become 
drying oU^ 

Because the oxygen of the metal combines with the 
oU, imparting to it me property of diying quickly. 

ANTIMONY. 

Why is anHmonu important in the arts f 
Because, alloyed with lead, in the proportion of 1 to 
16, and a small addition of copper, it forms the alloy 
used for printers' typed: with lead only, a white and 
ratlier brittle compound is formed, used for the plates 
upon which music is engraved. With tin, antimony 
constitutes a kind of pewter, a term, however, applied 
to an alloy of lead and tin. The finest pewter consists 

* See Mbcharics, pafe 36. 
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df about twelve partai of tm anyone of aitttmony, witih 
a small addition of copper. A good white nstaly 
(Bdtaimia) used for tea-pots, is composed of 100 tin^ 
8 antimony, 2 bismuth, and 2 copper. 

COPPER.' 

Why ts copper chosen for mdkxn^ irumpd^^ and other 
imtsicalinstrumeTUs f 

Because of its sonorous property. 

Why is comter-mre chosen by wire-dancers f 
Because of its great elasticity. Thus a wire 1-lOth 
of an inch in diameter, will support nearly 3001b. 

The first copper smelting works were established at 
Swansea, about a century ago, — ^but the business has 
BO increaj9ed, &at it is calculated not fewer than 10,000 

Eersons are now employed in the works and the cel- 
eries, and the shipping connected with them. 
The following is an outline of the process by which 
ores of copper are reduced, as carried on upon a large 
scale near^wansea, where the chief part of the Corn- 
ish ores are brought to the state of metal. The ore, 
having been pickep and broken, is heated in a reverbe- 
ratory furnace, by Which arsenic and sulphur are driven 
off. It is then transferred to a smaller reverbenitory, 
where it is fused, and the slaj^ which separates, being 
occasionally removed, is cast into oblong masses, used 
as a substitute for bricks. . The impure metal collected 
at the bottom of the furnace, is granulated by letting 
it run into water; it is afterwards melted and granu- 
lated two or three times successively, in order further 
to separate impurities, which are chiefly sulphur, iron» 
and arsenic, and ultimately cast into oblong pieces 
called pi^, which are broken up, roasted, and lastly 
melted with charcoal in the refining furnace. Mallea- 
bility ia here conferred upon the copper, and its texture 
improved by stirring the metal with a pole of green 
Wood, generally birch, which causes great ebuUition 
and agitation ; assays are occasionally taken out, and 



▲BTB AND lCAlT0FACT17aE8* » 41 

the metal, origliiaJly cryEttalline and granukr when 
cold, now becomes fine and close, so as to assume a 
silky polish when the assays are half cut through and 
broken. The metal is now cast into cakes about twelve 
inches wide, by eighteen in length. Copper for brass- 
making is ffranulated by pouring the metal through a 
perfbr^ed ladle into water; when this is warm, the 
copper assumes a rounded form, and is called belan 
shot ; but if a constant supply of cold \vater is kept up 
it becomes ragged, and is called feaJthtred shot. An- 
other form into which copper is cast, chiefly for ex- 
ports to tibe East Indies, is in pieces of the length of 
six inches, and weighing about eight ounces each, 
the copper is dropped from the moulds, immediately 
on its becoming solid, into a cistern of cold water ; and 
thus, by a slight oxidation of the metal, the sticks 
acquire a rich red colour on the surface. This is called 
Japan Copper.-^Brande. * 

Sulphate of copper, or Roman vitriol, is much used 
by dyers, and in many of the arts. Fowling-pieces and 
tea-urns are browned, by washing them with a solution 
of this sah. Verdtgris is an acetate of copper. Blue 
verditer, much used in staining paper tor hangine 
rooms, is a pitrate of copper, combined with hydn^ or 
lime. Mineral and tfrunswjck green, are Hkewise 
combinations of copper with potash, &c. At Mont« 
pellier, the manufecture of rou^h verdigris is part of 
the household business in the wine-farms, and is gene- 
rally done by the women. ' 

The annual value and produce of the copper and tin 
from the mines of Cornwall and Devonshire, on .an 
average of several years, may be stated at 75,000 tons 
of copper ore, value £800,000. sterling ; 3,250 tcms of 
metallic tin, value £Q^fiOO.-^Bakew^s Geology. 

According to the tables of the produce of the soft me- 
tals raised in Great Britain, as given in a work en- 
titled Records o/Mimng, the quantity raised in a year 

£3 
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Is B0 fuUoWt ;— copper, 16,68S tons ; lead, 47^000 tons; 
and tin, 5,316 tons. 

Why is Vii rust advantageous to copper f 
Because the corroded part is very thin, and preserves 
the metal beneath from fuither corrosion. 

Why have small hells a skrUl tonef 
Because zuic is added to their copiposition, usually 
consisting of three parts copper and one of tin. 

.^ Why has apparatus been inveniedfor sounding hells 
wiUund pulUngf 

Because buildings suffer much from the sounding 
of bells, especially when they are very heavy. Let 
one, in &ct, only imagine a mass of several tons 
swinoing to and fro, and he will readily perceive how 
much amiilding must be shaken by it. In Denmark, 
Professor Oersted has introduced into a beU a balance ; 
similar to that of a pendulum. An axis, by turning, 
Ruses a hammer, which, at each turn, strikes the befi, 
and produces a sound which cannot be distinguished 
firom that emitted by the bell when tolled. 

The largest bells in the woi^d are to be found in 
Eussia, The << Great Bell" of Moscow, cast in the 
year 173^ weighs 43^000 pounds, is 19 feet high, 
21 yards in circumference at the bottom, and at its 
greatest thickness 23 Inchjea.*, 

Why shbidd ckUdren he cautioned against eatwg 
ibs tmUaUve ffM on gvBgerkread^ ifc. % 

Because it is nothing more dian a fine kind of brass, 
whi^ is supposed to be made by cementation of copper 
plate* with eakunitie^ and hammered out into leaves 

* Mirron are «dto ctM of larger dimenslontT at St. Pfttcirsburgta. than 
elsewhere. Ib ttia iMoiperial manuflwtory bexe^ wa« cast for Friiica 
Potemkia, a mirror, measuring 194 inches by 100. One, of t|ie same 
propOTtibfis. and valued at three thQusands giifneai, was cast for the 
oake df Welliagtoo, a fbw years ainse; but iraa broken to atoms in 
ita coBveyancf from St. Petenburgb to Spglal|d. 
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in Geftaaay. It is sold veiy cheap in this countiy, 
uncler the same of Dutch gofd or Dutch metaL It is 
about five times as thick as gold leaf; that is to say, 
it is about one sisty-^thousandth of an inch thick. 

Wh^ iatinprtferahle to other metals for Uning copper 
tessds % 

Because it combines with copper at a much lower 
temperature than is necessary to fuse the copper alone. 
When vessels are tinned, they are first scraped or 
scoured ; after which they are rubbed with sal-ammo- 
niac. They are then heated, and sprinkled with 
powdered rasin, which defends tb^ clean sur&ce of the 
copper fix)m acquirinff the slight film of oxide, tha^ 
woiild prevent the adhesion or the tin to its sur&ce. 
The melted tin is then poured in and spread about* 
An extremely small quanti^ adheres to the copper, 
which may perhaps be supposed insufiSicient to prevent 
the. uoodous effects of the copper as perfectly as might 
be wished. 

Why do watchmakers prefer Dutch brass 'to the 
Eneiish^ 

Secause of its superior ductihty, which is owing to 
tiie faurge proportion of copper contained in it; the 
Dutch being a compound of two atoms of copper and 
one of zinc, while the English is of equal parts of 
odpper and zinc. — ^0unnaon» 

CQBALT. 

Whf is cohaU extremely valuable to the manufacturers 
of porcelain f 

Because it not only produces a beautiful colour, but 
endures the extreme heat of their fhmaces unaltered. 
This colour is so intense, that a single grain of the 
pure oxide will give a deep tint of blue to 240 grains 
of glass. Smalt, or powder-blue, used by laundresses, 
consists of oxide of cobalt, ground impalpably with 
iint-^ass. This is also used to give a olue tinge to 
writing and printing papers. 
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Cobalt ores j^nera% contain anenic : they are so 
contaminated with it, that the workmen who are em- 
ployed seldom live mai^ years. 

Why 18 cohaU especially vcUuable in the fine arUf 
Because its oxide forms the most permanent blue 
colour that we are acquainted with. La Grange says 
that the old painters used this oxide mixed with oil 
in their paintings, which i» the reason why the sky 
and drapery in some old pictures are of so durable a 
blue. 

BISMUTH. 

Why is bismuth important tn the composOitm for 
printing-types f . 

Because it has the singular. property of expanding 
as it cools ; and from this expan^ve property are ol> 
tained the most perfect impressions of the moulds in 
which the letters are cast. The larger kind of types 
are generally made with lead and antimony, in the 
proportion of from 4 to 16 parts of the former to one 
of the latter. 

SILVER. 

Why is silver alloyed with copper for plate and coin f 

Because the former metal is thus rendered harder 
and more sonorous, while its colour is scarcely im- 
paired. 

The silver mines of Mexico and Peni &r exceed m 
value the whole of the European and Asiatic mines : 
for we are told by Humboldt, that iJiree mines, in the 
space of three centuries, afforded 316,023,883 pounds 
troy of pure silver ; and he remarks that this auantity 
would form a solid glebe of silver, 91,206 English feet 
in diameter. (Jameson,) Mr. Helms is of opinion 
that the Andes, if properly examined, would afford 
silver enough to overturn our present commercial sys- 
tem, by making silver as common as copper. 

Silver hat also been obtained from some of the lead 
mines of Great Britain. Bishop Watson, in his Chemr- 
ieal EssaySyUotGBf ^ By the silver which was produced 
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from the lead mines in Cardiganshire, Sir Hugh Mid- 
dleton is said to have cleared two thousand pounds a 
month, and that this enabled him to undertake the 
ffreat work of biinging the new river from Ware to 
Londcm.'' 

Why dots sQifer iarmsK and hlackenf 

Because of the sulphureous vapours in the atmos- 
|>here ; pure water has no efiect upon silver ; but if 
the water contain vegetable or animal matter, it often 
slightly blackens its surfiioe in consequence of the 
presenee of sulphur. 

Jfhy 18 ihe German ^silver " improperly so named f 
Because it is nothing more than the white copper 
long known in China, and does not contain a particle 
of sdver ; it is only an alloy of copper, metal, and nickel. 
Although only now coming into known use in Eng- 
land, itlias been no stranger to the manufactories of 
Binningham for at least twenty years or more. 

Why is plating so caUedf 

Because it is performed by the application of a plate 
of silver to the surface of copper, wnich is afterwards 
beaten or drawn out Amalgam of silver is sometimes 
employed for plating ; it is applied to the surface of 
the copp^, and the mercury being evaporated by heat 
the remaining silver is burnished. A mixture of 
chloride of silver, chalk, and pearlash is employed for 
sUvering brass : the metal is rendered very clear, and 
^e above nuxture, moistened with water, rubbed upon 
its surface. In this way, thermometer scales and clock 
dials are usually silvered. 

A note upon the duty on plate \nl\ show how large 
a portion of gold and silver is annually diverted from 
the purposes of coin to those of ornament and luxury. 
The rate of duty upon silver wrought plate in 1804, 
was I*. Sd. ; upon gold Idr. per otmce ; it was after- 
wards Fsised to Is, SL upon mlver, and to 179. upon sold. 
At this time the annual net duty was. tots- tiuyti 5000^. ; 
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in 1838, it was upwards of 105,0002. ; a rise more than 
twenty-fold, notwithstanding the greatly diminished 
supply from the mines, and the consequent increasing 
value of the precious metals. 

Why %8 coal gas injurious to sUmer and plaUd ^oodsf 
Because of mevSulphuretted hydrogen which it con- 
tains. 

Why is the Birmingham and Shefield plaU svperior 
to thai formerly rnade^ 

Because the old method was by dissolving mercury 
in nitrous acid, dipping the copper, and depending 
on the affinity of the metals, by which a v^ slight 
article was produced. But at Sheffield and Birming- 
ham, all plate is now produced by rolling ingots of 
copper and silver together. About the eighth of an 
inch in thickness of silver is united by heat to an inch 
of copper in ingots about the size of a brick. It is 
then flattened by steel rollers worked by an eighty- 
horse power. The greater malleability of the silver 
occasions it to spread equally with the copper into a 
sheet of any required thickness, according to the 
nature of the article for which it is wanted. Plated 
metal, the eighth of an inch thick, is thus rolled by the 
hand into ten times the surface, the ^Iver spreading 
equally; and the plating would be perfect if the rolling 
had reduced it to the thinness of silver paper ! This 
mode of plating secures to modem plate a durability 
not possessed by any plate silvered by immersion. 
Hence plated goods are now sought all over the world, 
and, if fairly used, are nearly as durable as silver 
itself. Of this material, dinner and dessert services 
have been manufactured at from ^fty to three hundred 
guineas, and breakfast sets from ten to two hundred 
guineas, as sold on the spot 

GOLD. 

ffhy is gM aUoyed toUh copper for coinf 
Because it is thus made harder than pure gold, and 
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Teedsts wear better thatt cby other aUoy except that 
with silver. 

The produce of the Ural sold mines amounted, in 
1827, to 672,4162. Gold is lUso found in the Rhine ; 
but the quantity is so scanty, that, the washer considers 
it a good day's work, if he succeed in collecting to the 
value of 59. or 6^. From the official accounts of the 
yearly produce obtained from that stream in the Grand 
Duchy of Baden, we observe the value was, in 1821-2, 
£603 ; 1^ £806 ; 1827-8, £943. The last produce, 
small as it may appear, for it scarcely exceeded 17 
pounds in weight, snowed so considerable an increase 
upon preceding years, that a great impulse was given 
to this branch of industry in Baden. 

We have already noticed the ^ malleability of gold, 
though not its actual limit ; * for the gold-beaters find 
it necessary to add three grains of copper in the ounce, 
to harden the gold, which otherwise would pass round 
the irregularities of the newest skiiis, «nd not over 
them: and in using the old skins, which are not so 
perfect and smooth, they even add twelve grains. The 
wire which is used by the lace-makers, is drawn from 
an ineot of silver, previously gilded. In this way, 
from the known ^ameter of the wire, or breadth when 
flattened, and its length, together with the quantity of 
^Id used, it is found, by computation, that the cover- 
rag of gold is only l-12th part of the thickness of gold 
leu; though it is still so perfect as to exhibit no cracks 
when viewed through a microscope. 

Fifty thousand pounds worth of gold and silver are 
said to be annually employed at Birmingham in sild- 
ingand plating, and of course lost for ever as buluon« 
*-^he ductility of gold is such, that one ounce <^ 
it is sufficient to gild a silver wire more than 1,300 
miles long. 

* See MscHARics, p. 17. 
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Why is mercury uiedtos^ffafaU gold tmd nfeer from 
ihe ejSraneous matter found with Suae meiahf 

Because, by triturating the mass with mercury, the 
gold and silver become amalgamated with it; and 
afterwards this amalgam is^ submitted to heat, when 
the mercury sublimes ; the precious metala leaving in 
a state of piu*ity. 

The gildmg of buttons is, in part, similarly effected. 
When the buttons, which are of copper, are made, 
diey are dipped into dilute nitric acid, to clean them, 
and then burnished with a hard black stone : ther^ are 
then put into a nitric solution of mercury, and stirred 
pbout with a brush till they are quite wlute : an amal- 
gam of gold and mercury is then put into an earthen 
vessel with a small quantity of dilute nitric add ; and 
in this mixture the buttons are stirred till the gold 
attaches to their surface: they are then heated over 
the fire till the mercury begins to run, when they are 
thrown into a large cap made of coarse wool and goat's 
hair, and in this they are, stirred about with a brush. 
The mercury is then volatilized, by heating over the 
fire in a pan. By Act of Parliament, a gross of but- 
tons, of an inch diameter, are required to have five 
grains of gold on them ; but many are deficient even 
of this small quantity. 

Why is false gilding so eaUedf 

Because it is the art of implying thin leavea of sil- 
ver, or of tin, to the substance to be gilded, and then 
rubl)uig them over with a yellow transparent colour, 
through which the metallic splendour appears : this is 
very old \ and a method of affixing a white metal to 
paper, and then covering it with a gold vannsh, has 
been known in China from the earliest ages. It ap- 
pears also to have been enmloyed at a very remote 
pehod for gilding leather, of which many speGtitienfl 
may be fixmd in ancient lea^em tapestry. . 



ffiy u platinum so calkd? 

Because it reseiiibleH silver; itio term, in Uie llBr 
gaage at' Peni, mesiiing " little silver." 

Platiouui may nlwoys be known from other mp*"^ 
by its superior specific gravity, it being the heef 
body in nature. The imporiHnt xieea to which 
precious metal may be applied, can be earily coneeiveu, 
when it is considered that it iinitesllie indestruelibili^ 
of gold to a degree of hardness almost equal to thatcj* 
iron ; that it resists the action of the moat violent iire, 
wici also of tlie most (riinoeiitnitiid aciila, Otie of its 
more uaeftil applications has been to the coHting of 
copper with as much ease as die connnoti opermlioii of 
tinning. The high value of platinum ia however very 
much against ita eenerol adoption, for although muen 
cheaper than gold, it is worth between four and five 
tunes its weight of silver. 

m^ u the oBog of iteel and platinum tcdl adapttd 
JhrnttrTors? 

Because it takes a fine polish and does not tarnish. 

tf'h/ M platinuni tndl adapted for the mamifadvre ijf 
rijtga and chains ? 

Because it has the property of being united by weld- 
ing, either one piece to another, or with ii-OD, or steel. 
Hence its durability must add to its value. 

A beautiful coinage of platinum has liktcly been 
issued in Russia, the metal being Ibuiid in considerable 
quantises in the Uralion moiitiloins of Liberia. 

Why it rhodium tucd/or the nUia o/metalKcpenaJ 

Becatuse of itti extreme hurdneas and durubility. For 
this successlut application, the elegant arts are indebted 
to the suggestion of the laie Br. Wollaatou. 

U'l^ if lead imjpoHaiU in gkut? 
Bacbubq it) ovidc, in the ibrm of litharge, or nai- 
s the fusibility of iba compound, pn» 
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it greater tenaciousnesB when hot, increases its refmc' 
tive power, and enables it to bear sudden changes of 
temperature. It is a copious ingredient in the Lon- 
don flint glass, celebrated for its brilliancy when cut, 
and used for most optical purposes. Lead, however, 
'/enders glass so soft as easily to scratch. 

The manufacture of glass is as follows : — ^The glass- 
pots are placed round a dome-shaped furnace, built 
upon arches, and open beneath for the free admission of 
Bu ; there are generally six in each furnace, and they 
are entirely enclosed, except at an orifice on the side 
openin|^ into a small recess formed by the alternate 
projection of the masonry and the flues, in which the 
workmen stand. Coal is the fuel employed, and the 
furnace is so built that a rapid current of flame may 
be directed round each glass-pot, which afterwards 
passes out with the smoke into the dome and chimney, 
heating a broad covered shelf in its passage, which is 
the annealing oven. The materials, or fret, being 
fused, and the impurities removed, gradually become 
clearer, abundance of air-bubbles are extricated, and 
at length the glass appears uniform and complete; 
the fire round each individual pot is then damped, till 
its contents acquire a consistency fit for working ; the 
whole process requiring about forty-eight hours from 
Ae time the pots are filled. At the worlung heat, which 
is a full red, the glass has a peculiarly tenacious consis- 
tency, and as it adheres but feebly to polished metali^^ 
it is easily wrought and managed with iron tools.* 

*Bfr. Brande, in a note to his Manual of Chemistry^ observes : ** All 
common glass, when reduced to a fine powder, is more or less acted 
on hy boiling water, which separates the alkali, and its entire disinte> 

SUion seems only to be prevented by the insolubility of the silica, 
ass which has long been exposed to the weather, frequently exhibits 
a beautiful irridescent appearance, and is so far decayed, that it may 
be scratched with the nail. Several years ago, I examined some bot- 
tles of wine which had lain in a wet cellar, near the Bank, upwards 
of 150 years, having been deposited there (as circumstances proved) 
previous to the great fire of London in 1666. The glass was sofk, ana 
greafly corroded upon the surface, in consequence of the abstractioa 
of its alkali. The wine appeared to have been Malaga and Claret: th* 
latter had perished, but the former was still vinous." 
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It IB a curious tact in the history of discoretr, that 
.the manufacture of glsse if) unknown « Sidou, uiou^h 
this [Mrt of the country whs oace famous for the dis- 
covery of, as well BH production of articles in, thst mate- 
rial. The story of the discovery of glass by Phoenician 
maruiers at Belua, near Sidon, in Syria, is mentioned 
by Pliny. Dyeing, however, is Btill practised, though 
not with the same success as among the ancient IWri- 
ans, who were descended from the builders of Sidon. 
Tbo standard of Syria In arts and manufactures, is, In- 
deed, everywhere, much below that of the most back- 
ward nation in Europe. 

Ifhy do aU gUut artirUa require to be earef^y an- 
neaUa, or mfftrtd to cool very doaly 7 

Because mey would otherwise be remarkably brittle, 
and apt to crack, and even fly into pieces upon the 
slightest touch of any hard mibetance. 

ft'lty are platc-gtmn tmndawa guperior to tha»e of 
common glass ? 

Because the two ntrfacns of common window-glass 
are not perfect planes, and notperferllyparnlJel to each 
other, OB in tlie case of plate-glass; whence objects 
seen through tlie former, appear generally more or less 
out of shape; and hence comeslhe elegance and beauty 
of plate-gloss windows ; and ibe singular distonion of 
things viewed through liiat swelling or lump of glass 
which mmains where tlie glass-blower's instrument 
was attached, Dud which appeani at the centre of cer- 
tain very coarae panra. 

The variation is also thus {ihilosophically explained: 
" As it is the oliliqili^ between llie passing ray and the 
surface, which, in any rase of retraction, dBterniines 
tlie degree of bending, a body seentlirough a medium 
of irregular surface, appears distorted, according to 
llie nature of ihut siirtiice."-— -^JrnoS. 

hKJtg is plalt-glas) so ezpentive ? 

Because of the difliculiy of producing a perfect 
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pkte, without specks, bubbles, or waves, and the risk 
of breakage. Its manufacture is as follows : 

The materials being fused, are poured updn a hot 
copper-plate; the mass is then rolled out, annealed, 
and afterwards polished by grinding with sand, eraery, 
and colcochar. 

Previously to 1559 all the glass employed in mirrors 
was blown ; when a Frenchman, named Thevart, dis- 
eovered the art of ccuiing it The art of polishing it 
was invented by Riviere Dufresny. The French 

glass for the royal manufactories is now cast at Tour- 
iville, near Cherbourg, and at St. Gobin an anci^it 
ckaUau near la Fere ; it is afterwards sent to Paris to 
be polished, silvered, and cut Glasses are finished 
here to the value of nearly 600/. each, and are some- 
times 10 feet in height by 61 in width. 

The price of large-inzed pier-glasses is within the 
reach of the most moderate incomes, and there is 
scarcely a family in France which does not possess 
one or two ; while, as we all know, they ar^ rarely to 
be met with in England, except in expensively fur- 
nished houses. 

Wiy %9a0 the black oxide, of manganese Jormeriy 
ealUd glau eoav^ 

Because it cleanses certiun impurities, and espe- 
cially the ffreen tinge which is apt to arise from im- 
pure ajkafi. % ' 

ffhf do gUue-euttere use the point of a diamond for 
dividing and shaping their panes f 

Because diamond is the hardest of known substan- 
ces, and cuts or scratches every other body.— ^motf. 

Glass can, however, only be cut by the natural 
point of the diamond. There are various other meth- 
ods of cutting glass, among which the ibUowingi 
from a French Journal, merits notice. 

If a tube, or goblet, or other round glass body^ss to 
be cut, a line is to be mailed with a gun-ftint, having 
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a sharp angle, an agate, a diamond, or a file, exactly 
on the place where it is to be put A long thread, 
covered with sulphur, is then to be passed two or 
three times about the circular line, and is to be inflamed 
and burnt ; when the slass is well heated, some drops 
of cold water are to be thrown on to it, when tne 
pieces will separate in an exact manner as if cut with 
scissors. It is by this means that glasses are cut cir- 
cular into thin bands, which may either be separated 
from, or repose upon, each other at pleasure, in the 
manner of a spring. 

fVhy is the white enamel in imitative gold trinkets 
€f such tittle t^alue f 

Because it is merely glass rendered more or lescr 
milky or< opaque, by the addition of oxide of tin ; it 
forms the oasis of many of the coloured enamels, 
which are tinged with the metaUic oxides. 

Ifhy are leaden huUets let faU &n glass cooled in the 
open airyioUhoul Ireakme' U, whereas a feio grains of 
sand also leffaU on the g&ss would break it into a thou- 
sand pieces 9 

Because the lead does not scratch the sur&ce of 
the glass; while the sand, being sharp and angular, 
scratches it sufficiently to break it 

Why are glass-house cinders^ or clinkers^ employed 
in hymrcndic mortar f 

Because they contribute to its rapid consofidation. 
ThiB advantage was emidoyed in the construction of 
the bridge of Louis X Vl. at Paris, and in building 
the jetties and fort at Cherbourg. 

POTTERT, 

Why is common clay of a brownish colour $ 
Because of the oxidd of iron which it contains. 
Why is nickel prized by the Drench mant^acturera 
cfv0celain$ * 

Because its oxide affords them a very delicate gnus- 

r3 
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peen, and like other metallic colours this bears the 
intense heat of tlieir ovens without injury. A hya- 
cinthine colour may be given to flint-gjase by meltuig 
it with this oxide. — Parkes^ 

ffhy 18 manganese serviceahle in the arts 9 
Because its oxides are used in preparing bleaching 

liquor ; in purifying glass, (for which putpose, accord^ 

ing to Pliny, it was employed two thousand years ago); 

in glazing black earthenware ; and colouring porcelain 

enamels. 

ffhy are the Staffordshire potteries concluded to he 
qf Roman origin f 

Because evident remains of Roman potteries havO 
been repeatedly discovered, at a considerable depth 
below the present surface of the land. 

The better kinds of pottery, called in this country^ 
Staffordshire ufare, are made of an artificial mixtui*e of 
alumina and silica ; the former obtained in the form 
of a fine clay from Devonshire chiefly ; an4 the latter 
consisting of chert or flint, which is heated red hot, 
quenched in water, and then sifl:ed to powder. JSach 
material,' carefully powdered and sined, is diflfused 
through water, mixed by measure,- and brought to a 
due consistency by evaporation: it is then highly 
plastic, and formed upon the. potters' wheel or uithe 
mto various circular vessels, or moulded into other 
forms, which, after having been dried in a warm 
room, are enclosed in baked clay cases, resembling 
bandboxes, and called seggars; these ai*e ranged in the 
kiln, so as nearly to fill it, leaving only space enough 
for the fuel ; here the ware is kept red hot for a con- 
siderable time, and thus brought to the state of bis- 
cuit. This is afterwards glazed, which is done by dip 
ping the biscuit-ware into a tub containing a nuxture 
of about 60 parts of litharge, 10 of clay, and 20 of 
ground flint, diffused in water to a creamy consisl^ce. 
and when taken out enough adheres to the piece tr 



ASTB AlTD HANBf 4CTtmES. 55 

giye an umform glazing when again heated. The 
pieces are^ then again packed up in the seggars, with 
small bits of pottery interposed between each, and 
fixed in a kiln as before. > The glazing mixture fuses 
at a very moderate heat, and gives an uniform glossy 
coating, which finishes the process, when it is intended 
for common white ware. 

The mtolifacture t. of Worcester porcelain is^ de- 
scribed as follows : The siliceous and otfier substances 
ai'e first pulverized by an iron roller, which weighs 
upwai*ds of two tons, and revolves in a groove not un- 
like that of a cider-mill ; after this they are calcined, 
and then ground at the water-mill, sufticieutly fine to 
filter^ through sieves, through which no particle of 
greater dimensions than the 57,000th part of an inch 
can pass. The composition then, in its liquid state, 
is dried upon the i^p kilns till it becomes of the con- 
sistency of clay, when it is taken to the throwing- 
x»om, where the ware is first formed ; and from thenqo 
^o the store-room, in which it is placed to dry ^adually, 
thus preparing it for turning and pre^ng. The arti- 
cles being applied to the latter are diminished in thick- 
ness about one half: the ware is then put into the first 
set of kilns, called Biscuit Kilns, in which it is burned 
nearly six^ hours. Having passed through these 
kilns, such pieces as have been warped by too great 
heat, are reburned in ]the second. ' After this the articles 
ai*e prepared for receiving their glazing, which.accom- 
plished, they are a third time committed to the fire, — 
and when the glaze is sufficiently vitrified, they are 
taken out, and when cool, receive their finest embel- 
lishment in the painting-room ; they are then, a fourth 
time, condemned to the furnace, for the purpose of in-* 
jcorporating the gilding and the colours with th^ glaze, 
after which they are burnished for the market 

Why are the patterns upon ordinary porcelam chiefly 
tJi 2lue ? 

Because of the facility of applying cobalt These 
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patterns are genefally printed off upon paper, which is 
applied to the ^Ue or other article while in the state 
of niscuit, and acmeresto the surface when heat is pro- 
perly applied. 

ffhy art gum-waUr and borax tued in gilding parc^ 
lain$ 

Because, upon the application of heat, the gum 
bums off, ana the borax ritrifyin^ upon the suHace 
causes the gold firmly to adhere ; it is afterwards bur- 
nished. 

Whf ought iht materials far porcelain to be selected 
ttnth Ae greaUet caution f 

Because it is necessary that the compound should 
remain perfectly white tdfler exposure to heat ; that it 
should endure a very high temperature without fumng, 
and at the same time acquire a semi-Titreous texture 
and a peculiar degree of translucency and toughness. 
These qualities are united in some of the oriental 
porcelain, or China, and in some of the old Dresden, 
but they are rarely found co-existent in that of modern 
European manufacture. Sevres and Worcester porce- 
lain is extremely ivhite and transluceiit, but it is more 
apt to cracfc by sudden changes of tenmerature^'more 
brittle, and, consequently, requires to be fbmled into 
thicker and heavier vessels; and more fusible th^ 
the finest porcelains of Japan and China. Pamting 
on percelam or in enamel is an art of ^at difSculty, 
and with every eare there are fi^quent railures :- hence 
the costliness of fine porcelain. 

The Sevres porcelain manufactory is in a viHage of 
that fiame about two leagues from Paris. It was pur- 
chased by Louis XV. in 1759, and has since been the 
property of the French Government Here was made 
a complete service foi; Louis XVL of which each plate 
cost 2m. and in the Tuilleries is a Sdvres vaso which 
cost lOOOt. in 1801, Brogniart, the distinguished 
geologist, viras appointed director, and (o his exertions 
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the estaUisfament is principally Indebted for its cele- 
brity fiince the Revolution. 

According to Professor Silliman, the porcelain of 
America bids fair to rival that of the old world. 
Speaking of a manufactory in Philadelphia, he says: 
'^the pprcelain is very beautiful in all the principal 
particulars : in symmetry of modelling, in purity of 
whiteness, in the characteristic translucence, in smooth- 
ness and lustre, and in the dehcacy and richness of the 
gilding and enamel painting. That it rivals the finest 
productions of Sevres itself, it is not necessary to as- 
sert; but it certainly gives every assurance, that if 
properly supported, it will not fail to meet every de- 
mand of utility and taste, which this great and grow- 
ing country, may present." The raw material is very 
abundant near Philadelphia, and in many other parts 
of the United States. 

Why is Wedgwoad-tcare so coiled $ 

Because it was the invention, or rather improvement 
of Mr. Wedgwood, who, for that purpose brought mo- 
dellers from Italy and other parts of the Continent, 
and employed a eompetent chemist to supermtend his 
experiments. By this means, he not only excluded 
the foreign manu&cture from the market, but also 
supplied a large quantity for ^Kurtation, eztendjiig 
the business lar be;yond edl fonner example. 

lilNEN, COTTON, ETC. 

fFhy is limn hdieved to have been originaUy manu' 
factured in Egypt ^ 

Because of its frequent mention in the books of 
Moses, the most ancient of the Scriptural writers. The 
original Hebrew, not, however, specifying the sub- 
stance of which the cloth called in the version, linen, 
was formed, would be only slight evidence of the man- 
ufacture of flaxen cloth in Egypt at that period, were 
it not from thence thilt it was first obtained, and thence 
only that Europe was for a long time supplied with it 
Mummies are also generally found swatlied in linen ; 
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And, as the art of preserving bodies in that manner 
was practised in Egypt in the remotest ages, there can 
be no doubt that linen was made there at an aera of 
very great antiquity. 

Why did the manufacture of linen make hut little 
progress in Europe during tiie middle ages^ • 

Because it was confined, both then and for a long 
period afterwards, to private families, wliere the thread 
was spun, and the web was wove for domestic use ; and 
its scarcity as an article of apparel, has been considered 
as one of the chief causes of the leprosy. Linen, in- 
deed, seems to have been earlier adopted as a luxuiy 
for the table than the person^ and we read of its being 
used at banquets long before it was known as an arti- 
cle of dress. 

Why is the newly invented IVench ** papier linge " so 
called f 

Because it consists of a paper made to resemble dam- 
ask and other linen so cleverly, that it is impossible, 
without examination, to detect the difference ; and 
even to the touch, the articles made from the papier 
linge are very much like linen, and are used for every 
purpose to which linen is applicable, with the excep- 
tion, of course, of those in which strength and dura- 
bili^ are required. The price is very low : a napkin 
costs only five or six centimes, (about a half-penny) and 
when they are dirty, they are taken back at half-price. 

Why is it comectured that fine India cottons ioere 
used tn ancient Itome f 

Because there was a regular commercial intercourse 
established through the medium of Egypt between 
Rome and India, the chief part of which was on the 
coast of Malabar, (which has been ever considered as 
the greatest manufacturing district of the East) where 
the art of weaving was practised at the remotest period 
of which we have any account Mr. Gififord, in a note 
to his translation of Juvenal, tells us, that the ^ sericm 
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vtstes were what we call fine cottons, imported into 
Europe in Juvenal's time, as they were ages before, 
fix)m India, through the country of the Seres, the mod- 
em Bochara:" and this is strongly corroborated in 
the Georgics of Virgil, which seem evidently to allude 
to the cotton plant : 

Of ^thiop's hoary trees and woolly wood, 
Let others tell: and how the Seres spin 
Their fleecy forests in a slender twine. 

Dryden^a TVanaUUion. 

Among the Greeks and Romans, spinning was the 
chief employment of the women : the rites of marriage 
directed their attention to it ; and the distaff and fleece 
were not only the emblems but the objects of the most 
important domestic duties of a wife. The machinery 
employed in weaving, though perhaps rude in its con- 
struction, was, in principle, similar to that still in use ; 
and the process of fulling and preparing the cloth, 
seems to have resembled the modem practice in every 
particular point, except that of shearing the nap, with 
which the ancients do not appear to have been ac- 
quainted. In early records we do not, however, read 
of cloth being measured, which appears to have arisen 
from a custom of weaving no more cloth in one piece 
than was sufficient to form a single dress. 

Muslins are to this day manufectured by the primi- 
tive loom in India, probably without alteration of the 
form in use during the earliest ages of its invention. 
It consists merely of two bamboo rollers, one for the 
warp, the other for the web, with a pair of geer, and 
the shuttle perfbrms the office of the batton. This 
simple apparatus, the Indian weaver frequently erects 
under the shade of a tree. He digs a h ole large enough 
to cohtam his legs, and the lower part of his geer ; he 
then stretches his warp, by fastening the rollers at due 
distances irt the turf, and suspends the ballances of the 
geer from the spreading branches of the tree ; two 
loops beneath the geer, into which he inserts his great 
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serre instead of treddles ; and with his lonf 
abutde, he draws the weft, tlirows the warp, and 
afterwards closes it up to the web. The spinning is 
still performed by the ancient operation of the distaftt 
'^Beekmann, 

Why is ufoolkn a less advantageous ftianufachire than 
eottonf 

Because wool undergoes great waste in the process 
of being made into cfoth, by scouring and shearing, 
which mav be taken at one half^ and the expense is 
greater, whilst cotton incurs no waste of importances 
in 1819 the consumption of cotton in Great Britain 
was 428,500 bags ; in 1822, 550,800 ; in 1825, 615,940 ; 
in 1827, 662,900 ; and in 1828, 732,700 ; by which it 
appears that the consumption was nearly doubled 
within ten years. 

The average fineness of cotton may be taken at twen- 
ty hanks to the pound ; and, as each hank is 840 yards, 
or nearly half a mile, every pound is nearly ten miles; 
and the whole, about 400,000 miles, are produced in 
about sixty-six working hours. In round numbers, thia 
is 6000 miles per hour, or 100 miles a minute. Every 
fibra passes through no less than ten sets of machinery ; 
hence the united spindles and threads travel through 
1000 miles a minute. The noise of their united fric- 
tions and collisions, and the united hum of thousands 
of little spindles, each revolving 4000 miles a minute^ 
may therefore be accounted for. 

The estimated number of looms propelled by water 
and steam power, in the United Kingdom, is 58,000. 
The average produce, taking it at twenty-two square 
yardis a day, makes 1,254,000, or 1,741 yards a min- 
ute ; weekly, 7,524,000 ; monthly, 31,300,000 ; yearly, 
376,200,000. Allowing six yards tq each person for 
yearly consumption, will supply 62,700,000^ and will 
cover 62,700 acres of eround, and in length would ex- 
tend 213,750 miles, and reach across the Atlantic Ocean 
seventy-one times. — Manchester Journal, 

Among the wonders of thia branch of manufiicture 
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die fbllowing deserve mention. In 1745, a woman at 
East Dereham, in Norfolk, spun a single pound of wool 
into a thread of 84,000 yards in length, ^vanting only 
eighty yards of forty-eight Eloglish miles ; which, at 
that period, was considered as a circumstance of suffi- 
cient curiosity to merit a plac^ in the records of the 
Royal Society. Since that time, however^ a young lady 
of Norwich nas spun a pound of combed wool into a 
thread of 168,000 yards, and she actually produced from 
the same weight of cotton a thread of 203,000 yards, 
equal to upwards of 115 English miles: — ^this last 
thread, if woven, would produce about twenty yards 
of yard-wide muslin. Even our young readers may 
remember the eccentric triumph of Sir John Throg- 
morton, who sat down to dinner wearing a coat which 
had that morning been wool on the sheep's back. 
Why is the spinning-frame superior to the jenny 9 ' 
Because, though the spinning-jenny invention, in 
1767, by Hargreaves, a carpenter, at Blackburn, iit 
Lancashire, gave the means of spinning twenty or thirt]? 
threads at once, with no more labour than had beoi 
previously required to spin a single thread, — ^the thread 
spun by the jenny could not be used except as weft, 
b«ing destitute of the firnmess or hardness required in 
the longitudinal threi^s or warp. Mr. Arkwright sup- 
plied this deficiency by the invention of the spinning-- 
Jrame, that wonderful piece of machinery, which spins 
a vast number of threads of any degree of fineness or 
hardness, leaving to man merely to feed the machine 
with cotton, and to join the threads when they happen 
to break. It is not difficult to understand the principle 
on which this machine is constructed, and the mode of 
its operation. It consists of two pairs of rollers, turned 
by means of machinery : the lower roller of each pair 
IB furrowed or fiuted longitudinally, and the upper one 
is covered with leather ; to make them take a hold of 
the cotton. If there were only one pair of rollers, it is 
clear that a carding of cotton, passed between them, 

PART X. G 
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would be drawn forward by the revolution of the rol* 
lers ; but it would merely undergo a certain degree of 
compresfflon from their action. No sooner, however, 
has the carding, or roving, as it is technically termed, 
began to pass through the first pair of rollers, than it 
is received by the second pair, which are made to re- 
volve with (as the case may be) three, four, or five times 
the velocity of the first )>air. By this admirable con- 
trivance, the roving is drawn out into a thread of the 
desired de^e of tenuity, a twist being given to it by 
the adaptation of the spindle and fly of the common flax- 
wheel to the machinery. Such is the principle on which 
Mr. Ark Wright constructed his famous spinning-fi^me. 
It is obvious that it is radically diflferent from the pre- 
vious methodsof spinning, either by the common hand- 
wheel or distaff, or by the jenny, which is only a mo- 
dification of the common wheel. Spinning by rollers 
was an entirely original idea. Mr. Arkwright stated 
that he accidentally derived the first hint of his great 
invention from seeing a red-hot iron bar elongat^ by 
being made to pass between rollers ; and though there 
is no mechanical analogy between that operation and 
the process of spinning, it is not difficult to imagine 
that by reflecting upon it, and placing the subject in 
difierent points of view, it migh\ lead him to nis in- 
vention.* — Ency, Brii, 

ffhy is the spinning nvule so namedf 
Because it is a compound of the machinery used in 
the hand-jenny and water-frame. 

Why is cambric so called f 

Because it was first manufactured at Cambray in 
France. 

* Mr. Arkwright's machines, on their first introduction, were reck- 
oned advene to the interests of the working-classes, and repeated 
attacks were made on the (ketones built for them ; yet the result has 
shown the absurdity of these prejudices. It is doubtful whether 30,000 
persons were employed in all thd branches of the cotton manufacture 
at the above period; whereas, in consequence of those very inven- 
tions which the workmen endeavoured to destroy, there ve now up^ 
wards of 1,000,000 directly engaged in its different deiNutments 
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Why may Rouen be considered the Manchester of 
IVancef 

Because it is the great 9eat of the cotton manufao 
tures, contaiDiog nearly 200 factories, employing from 
55 to 60,000 persons. The proximity of Rouen to 
Havre-de-grace, the great American port, gives it the 
same advantage, in point of situation, as Manchester 
derives from being near Liverpool. 

ff%y does netting differ from knitting f 
Because the first is performed by knotting into mesh- 
es that cannot be unravelled ; while the second is, bv 
a certain arrangement of loops so connected with each 
other as to be highly elastic without separation, yet 
capable of being unravelled, and having the same 
thread applied to any other use. 

Why has it been conjectured that knit-stockings toere 
invented in Scotland^ 

Because the earliest account of this kind of knitting 
is traced in a patent granted in France to a guild of 
knitters, who chose St. Fiacre, a Scotchman^ for their 
patron. 

The introduction of knitting into this country, is 
however, involved in much controversy. Howell says 
that " Henry VIII. wore, ordinarily, cloth hose, except 
there came from Spain, by great chance, a pair of silk 
stockings. King Edwanl, his son, was presented with a 
pair of long Spanish silk stockings, by Thomas Gresh- 
am, his merchant.'' But, that woollen stockings were 
not only in use, but perhaps knit in this country, dur- 
ing the reign of Henry VIIL seems placed beyond 
doubt by this authentic household record: — 

" 1533. S5 H. 8. 7 Sept.— Peyd for 4 peyr of knytt-hose, viii t, 
. " 1638. 30 H. 8. 3 Oct.— Two peyr of knytt-boM, i *.»» 

The invention of the stoclung-loom is thus recorded 
in the inscription to an old painting of one in the Stock- 
ing Weaver^Hall, London : — "In the year 1589, the in- 
genious William Lee, Master of Arts of St John's Col- 
kge, Cambridge, devised this profitable art for stock- 

g9 
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ings, (but being despised, went to FraQce,) yet of iron 
to himself, but to us and others of gold: in memory of 
whom this is here painted." — Seven of Lee's workmen 
returned to England, and with another laid the foun- 
dation of the stocking manufactory in this countiy; 
Where, in 1663, the masters were incorporated by let- 
ters-patent. In their petition the machine is described 
as consisting of two thousand parts, and making, al- 
most instantaneously, two hundred meshes. 

The formation of'^the Society of the Stocking at Ve- 
nice, in 1590, implies its antiquity on the continent* 

Wiy are Angola hose preferred for their auperior 
toarmth? 

Because they combine worsted and cotton in the 
closest intermixture of the fibre. The separate mate- 
rials are first passed through a machine called a picker 
and blower, to clean and hghten the wool or cotton, so 
that half an ounce will fill a bushel measure. These 
are then carded together, by which the intermixture i|9 
effected, part of each material being dyed blue and 
black. It is then spun of various fineness by throstles 
and mules. 

Why does the knitting qf ihread-laee differ from Quak 
of stockings 9 

Because, ia making stockings^ only one thread is 
employed, and that in one uniform way ; whereas^ 
lace is formed of as many threads as the pattern and 
breadth require. 

Why does^ lace exkihit vartotis patterns 7 
Because the pattern is drawn on « piece of pareh- 
ment, and fiistened to the cushion of a circular box 
with pms formed on purpose, which are stuck through 
it in various places, according to the design intended to 
be represented^ the requisite number of threads are 
then wound upon a small bobbin, one end being tied 

to each pin, and these are thrown over and under each 

-^^— — - — - — 

*Se« Part ni. Ofiiaiirs and Aitri^viTixs, p. 67* 
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Other in various ways ; so that the threads twine round 
the pine^ and thus form the multiplicity of holes or 
eyes which produce the desired figure. 

Why is some knit-lace caUed point f 

Because it has been worked, or embroidered, with 
the needle : when formed of silk, it is called blonde, 

ffhy was cotton-lace formerly in such disrepvie ? 

Because the quality of lace depends on its transpa- 
rency, and at first, the meshes of cotton were encum- 
bered with loose fibres, which destroyed its clearness ; 
and to remove these, for some years appeared to be an 
insuperable dificulty. 

frhy is kue ** gassed f^ 

Because the flame of the gas may penetrate the 
meshes, and free them of these loose fibres, which is 
done without the smallest injury to the fiibric. The 
apparatus of Mr. Hall, of Nottingham, for the purpose 
of gaising Ikice, is thus descrilSd: — ^He exposes the 
lace to a horizontal tube, provided with a series of 
orifices, throuffh which ascends carburetted hydrogen 
gas, whichf lifted at one end, takes Gre through the 
entire lengths of the tube, making § delicate blue flame, 
about ha&an-inch high. This is supported by the 
oxyg^i of the atmoephere ; but the oxyeen is drawn to 
the flame by a cap, the whole length of the horizontal 
tube ; and the cap is exhausted by its connexion with 
an air-pump^ of extraordinary dimenmons, worked by 
machinery: h^nce a brisk current of air constantly 
posses over the inflamed hydrogen. At the same .time, 
stoo-cocks and valves are so provided, as to regulate 
botn the emission of the hydrogen gas,- and the ex- 
haustion of the gas above it A amilar tube, with 
orifices, and a cap, is laid at about a foot distance firom 
the other, and then by means of rollers on each sid^ 
the lace is carried through the two tines of flame, and 
being returned again, the operation is complete* The 
several machines, as well as the exhaustmg pumps^ 
ane worked by water power. — Sir JR. PhiUips^s Toiar 
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Why dots ordinary toeamng differ from ktce-weeningf 
Because it has the warp perpendicular iostead of 
horizontal ; and, instead or tl^e shuttle moTing at right 
angles, brass bobbins, in brass carriages of very curioos 
and delicate structure, are made to pass in cross direc- 
tions round the warp threads obliquely, so as to pro- 
duce the hexagonal meshes. In truth, the principle of 
the machine is to produce the yeTr samti restdt as is 
effected by the evolutions of the bobbins on the pillow 
or cushion in hand lace-making. 

Weavers, or lace-machine hands, are paid by the 
number of holes, or meshes, which run from ^0 to 
520 the square inch. The estimate is made by the 
rack, or 240 holes lengthways^ for which they receive, 
according to breadth, j&om threepence to eightpence 
per rack* 

wooiX£2rs. 

fFh^ tea9 Spanish tiHHd fonnerlv so vdkuMef 
Because it was the produce of the original stoac, 
from which the whole of the Merino sheep now in ex- 
i^tcQce have been drawn. This wm f)'om a flock trans- 
ported from the Coifswold Hilfai in Gloucestershire, to 
Castile, in 1464. Until within these few ye&^ the 
only fine wool known was ilie Spanish wool, wfiicb, at 
that time, wm su|>plied tp England, Fraiice, and the 
Netherlands, for their fine clom manufactures. But 
the ravages of war de0troyed many flocks, and the 
eriginal system of keeping the sheep was lodt, bo that 
the wool has degenerated mto a quality not worth more 
dian one-third of the same stock of sfaeejykiCtermaiiy. 

Whv has Saxony become so cdelrated' Jbr its wod- 
trade 7 

Because the late King of Saxony, when Elector, 
introduced the breed of Merino sheep into Germany, 
which haK since transferred tfa^ vahiaole trade in fine 
wool, almost wholly from the Spanish to the Grennan 
soil. Thus, Germany realized in 182^, the sum of 
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£5^199,934. by the growth of wool^ iDstead of the 
worthless hair produced upon the old indigenous sheep 
of the country, which was scarcely ia sufficient quan- 
tity td supply the peasantry with woffsted petticoats 
and stockings. Of the above quantity, there were tm> 
ported into England, 2a,llQ,8aSlh. of wool, which 
averaged at Is, 6d. per pound, makes a return of 
£1,733,311. 139. There is likewise a growing prospect 
of a supply of Merino wool, equal to the consumptioB 
of Great Britain, bemg produced from her two eolo- 
nies of New South Wales and Van Dieman's Land. 

Why ia foreign sveperior to British woelf 
Because abroad the wool is grown without se^ng 
any other result than wool, — ^wbereas, in England, the 
fiirmer sacrifices every advantage of quality in the 
wool, to the necessity of expoeine the sheep to incle- 
ment weather on the fallow lana ; and to the produc- 
tion of a iine fat carcass — ^both of which are incompo^ 
tible with anything like excellence in the quality ctf the 
wool. If these motives did not exist, the sheep would 
then be kept ybr their wool ; but under so verrdifier^t 
a mode of treatment, as to place it on a level with the 
Merino wool of Germiuiy. 

English historians generally attribute the e8tehlish<- 
ment of the woollen manufactures in this countiy to 
the reign of Edward IIL, but according to the Exche- 
quer records, there were several guild firatemities of 
Weavers established here so early as the middle of 
the twelfth century. Beyond this, Gervase of Canter- 
bury, who wrote about the ye^r 120S, says, when 
speaking of the inhabitants of Britain, that '*the art 
of weavmg seems to be a peculiar gift bestowed upon 
them by nature*" 

JVhf is it inferred that the Jlnest toool mgU be grorni 
in England ? . 

Because in this country every circumstance attend- 
ing the breed and mode of keeping sheep, is fiivourable 
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to a most extensive; growth of wool ; as exposure to the 
changes of the atmosphere, and the extreme richness 
of their food, both tend to increase the weight of co- 
vering on the animals. The average weight of a fleece 
of the German Merino breed, is somewhere about 2^ 
to 3 pounds ; whilst that of a fat Leicester sheep is 
from 8 to 9 pounds. 

In Russia, an instrument called a wool-measure, 
has lately been invented, by aid of which, the breeders 
of sheep who desire to improve their stock, may choose, 
by the fineness of their wool, the best rams to breed 
from : they may even ascertain the different degrees of 
the fineness of the wool, in difierent parts of toe body 
of an animal, or if a sinele hair be of the same dia- 
meter throughout its whoie lengdi ; the measure being 
dividied into one4iundred-thousandth part of an Inch. 

Why does the prMperihf of ike iDool-irade in France^ 
depmaon the exeiiiora of the agricuUwriaU to amdio' 
rate the quaHfy ofthejleeces f 

fiecause the French government encourage the ex- 
elusive use of their own wool, by heaw duties on the 
raw material of other countries; an<i, accordingly, 
nearly four-fiflhs of the wool consumed in France is 
of native produce. 

Why was (ht toodden manufadvare of France so pros^ 
penms under Louis the Fourteenth ? 

Because Colbert, the fumous minister of that day, 
persuaded the king to offer a bonus of 2,000 livres for 
each loom at woric, and to permit the nobility to enter 
Into manuf%u^uring speculations without derogating 
fh>m their rank. 

Wfy does each country of the earth produce its otvn 
peculiar wool or dothf • 

Because every one has some breed of sheep or other, 
either indigenous to the climate, or naturalized by the 
Inhabitants from some other part Of these there is 
an endleiQ variety, each producing a different quality 
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of wool, from the extnuHrdmiirily fine Merind woo]^ 
grown in Silesia, down to the coarse, harsh, and brittle 
clothing of the sheep in tropical cliniates. 

Why have the GobtUn manufacUniea become so ceU* 
bratea$ 

Because they were originally established by Jean 
Gobelin, upon the river Bi^vre, near Paris, the water 
of which is considered very &vourable to the process 
of dyeing. The &mily of Gobelin were, however, only 
dyers, although their name became attached to the 
quarter in which they lived, and even to the above 
river. They soon became rich, renounced their trade, 
and filled various ofiices in the public service. 

Why were the Gobdin Uwestries 90 namedf 
Because the successors or the Gobelins not only dyed 
wool, but made tapestries. Formerly works of thltf 
kind were confined to Flanders, where the celebrated 
tapestry after RaphaePs Cartoons was executed ; but, 
at present, there is no manu&ctory>equal to that of the 
Grobelins. 

ffhy are the carpets of the GobeUns and the Sa^onM* 
vie so highly prized^ 

Because of the length of time reqoired to pertbcX, 
them ; sometimes five or six years. They are seldom 
valued at less than £200 or £300 each. The lamet 
carpet ever made at la Savonnericy is probably tnat 
manufactured for the gallery of the Louvre. It consists 
of seventy-two pieces, and is more than 1,300 feet in 
length. 

In carpet weaving, the wool passes through seven- 
teen processes or sets of hands, to produce the warp. 
Thus, the fieece wool is sorted; then scoured; and 
combed bv machine or hand. It is then run through a 
breaking uame and carding-en^ne ; thence it is carried 
to various drawing frames, to produce regularity in the 
combined fibres ; it is then made into a roving, and 
carried to the spinning-frame and made into single- 



70 KIVOWLSDGE FOR THX PCOPLE. 

wonffed; afterwards double; and then ready for 
acouring and dyeing, warping and weaving. 

fffty art Ccakndrt shawU to sueeessfuUif wuEnufae" 
hutd tn FVaneef « 

Because the breed of the Thibet goats has been 
naturalized there ; and the French wool supplies the 
place of the oriental so perfectly, that all smuggliog 
from India is at an end. 

It is said that these shawls were brought into use 
by the officers of the army of Egypt after their return 
m>m the expedition so fatal to the Mamelukes, from 
whom a large quantity was captured. The rage then 
be^^an among the French ladies for these beautiful 
articles, but Uieir very high prices, as well as that of 
the wool of which they are made, prevented them 
for some time from being common. The raw materi- 
al is supplied by the foeta which browse on the pliuns 
of Khirgiz. whence it is brought to Moscow for sale, 
and it is calculated that a pound of this genuine wool, 
which hiudly suffices for the chain of a shawl, cannot 
be imported thence into France, washed, picked, and 
spun, for less than 150 francs, 6/. 58. 

Whjf is hombaxeen so ealledf 

Because of its corruption from hombydna, the Latin 
name for 8tuf& composed of a mixture of ailk and 
woollen ; and this term is from &om62^,^ilkworm, and 
iSma, China. 

SILK. 

ffhy toas silk so UUle used among the Romans ? 

Because the Roman authors were altogether igno- 
rant of its origin ; some supposing it to be grown on 
trees, as hair grows on animals, others that it was pro- 
duced by a small fisb, similar to the mussel, which is 
known to throw out threads for the purpose of attaching 
itself to rocks ; others that it was the entrails of a sort 
of spider, which was fed for four years with paste, and 
then with the leaves of the green willow, till it burst 
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with fkt; and others that it was the produce of a worm 
which built nests of clay and collected wax. 

ffhy is ft said that we are indebted to the bigotry of 
former times for our present improved sUk iiumupoui-r 
iuresf 

Because, in the year 1686, nearly 50,000 manufac- 
turers fled from France, took refuge in England, in 
consequence of the revocation of the Edict of Nantz, 
by Louis XIY. who thus, as Pennant observes, sent 
thousands of the most industrious of his subjects into 
this country, to present his bitterest enemies with the 
arts and manufactures of his kingdom: hence the 
origin of the sUk trade in Spitalnelds. It appears, 
however, that there was a company of silk women in 
England so early as the year 1455; but these were 
probably employed in needleworks of silk and thread. 
Italy supplied England and all other parts with the 
broad manufactories till 1489. In 1620 the broad 
manu&cture was introduced into this country; and in 
1686 the company of silk-throwsters employed above, 
40,000 persons. 

As a specimen of individual enterprise in this branch, 
of manufacture, we must notice Sir Thomas Lombe,.. 
who, about the year 1724, erected in an island on die 
Derwent, near Derby, a curious mill for the manufac- 
ture of silk, the model of* which he had brought from 
Italy, at the hazard of his life. This machine waa 
deemed so important, that, at the expiration of Sir 
Thomas's patent, parliament voted him 14,000^. for 
the risk he had incurred, and the expense attending 
the completion of the machinery. This contained 
26,586 wheels; one water wheel moved the whole^ 
and in a day and night it worked 318,504,960 yards 
of organized silk. Such, however, is the march of 
ingenuity, that Sir Thomas's famous machinery has 
not been used at Derby for some years, but improved 
machinery, which performs twice the Work» m less 
room, is now adopted. 
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hurtsf 

Because it furnishes subsistence to seTeral miltions 
of human beini^ ; ance there is scarcely an individual 
in the civilized world who has not some article of silk 
in his possession. 

llie perseverance of our manuftctures has enabled 
them to ship British Bandana handkerchiefs for India, 
a circumstance which was triumphantly mentioned by 
the late' Mr. Huskisson, in the House of CommonSi 
about two years ranee. They have also been exported 
to France, in considerable quantities 

In the printing of silk handkerchief there has been 
oonsideniDle improvement during the last few years. 
Most of the India handkerchiec are now printed in 
RngUnd. Some of the blocks display first-rate in- 
genuity ; the patterns or subjects havinir all tl|e attrac- 
tions of engraved prints. Thus, it wiU be curious, a 
ibw years nence, to see the wonders of our times, as 
the Thames Tunnel, &c .and the political characters 
of the present day, treasured up in the cabinets of the 
curious, on pooket-handkerchiefi. Yet the idea is only 
a lefinement of the old plan of printing the alphabet, 
and cuts of nurseiy stories, on cotton handkerchiefs, 
for children ; the silk prints being but for *H;hildren of 
a larser growth." We believe the public are indebted 
for these amusing embellishment to the ingenious 
Mr. Applegath, of Crayfbrd, Kent, whose patent im- 
provements in block-printing, generally, deserve more 
space than we can here devote to them. 



END OF PART X. 
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